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80960SA 
EMBEDDED 32-BIT MICROPROCESSOR WITH 16-BIT 

BURST DATA BUS 



High-Performance Embedded 
Architecture 

— 20 MIPS* Burst Execution at 20 MHz 
•» 7.5 [y/IIPS Sustained Execution at 

20ii/IHz 

512-Byte On-Chip Instruction Cache 

— Direct IMapped 

— Parallel Load/Decode for Uncached 
Instructions 

l\/lultiple Register Sets 

— Sixteen Global 32-Bit Registers 
» Sixteen Local 32-Bit Registers 

— Four Local Register Sets Stored On- 
Chip 

— Register Scoreboarding 



Pin Compatible with 80960SB 

Built-in Interrupt Controller 

— 4 Direct Interrupt Pins 

— 31 Priority Levels, 256 Vectors 

Easy to Use, High Bandwidth 16-Bit Bus 

— 32 Mbytes/s Burst 

— Up to 16 Bytes Transferred per Burst 

32-Bit Address Space, 4 Gigabytes 

80-Lead Quad Flat Pack (ElAJ QFP) 

84-Lead Plastic Leaded Chip Carrier 
(PLCC) 

Software Compatible with 
80960KA/KB/CA/CF Processors 




The 80960SA is a member of Intel's i960® 32-blt processor family, which is designed especially for low cost 
embedded applications. It includes a 512-byte instruction cache and a built-in interrupt controller. The 
80960SA has a large register set, multiple parallel execution units and a 16-blt burst bus. Using advanced 
RISC technology, this high performance processor is capable of execution rates in excess of 7.5 million 
instructions per second*. The 80960SA is well-suited for a wide range of cost sensitive embedded applications 
including non-impact printers, network adapters and I/O controllers. 
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Figure 1. The 80960SA Processor's Highly Paraiiet Architecture 



*Relative to Digital Equipment Corporation's VAX-1 1 /780 at 1 MIPS (VAX-1 1 is a trademark of Digital Equipment Corporation). 
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1.0 THE i960® PROCESSOR 

The 80960SA is a member of the 32-bit architecture 
from Intel known as the i960 processor family. 
These microprocessors were especially designed to 
sen/e the needs of embedded applications. The em- 
bedded market includes applications as diverse as 
industrial automation, avionics, imagQ processing, 
graphics and networking. These types of applica- 
tions require high integration, low power consump- 
tion, quick interrupt response times and high per- 
formance. Since time to market is critical, embedded 
microprocessors need to be easy to use in both 
hardware and software designs. 



All members of the i960 processor family shar^ a 
common core architecture which utilizes RISC tiSch- 
nology so that, except for special functions, the^f^m- 
ily members are object-code compatible. Each new 
processor in the family adds its own special set of 
functions to the core to satisfy the needs of a specif- 
ic application or range of applications in the embed- 
ded market. 
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Figure 2. 80960SA Programming Environment 
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1 . 1 Key Performance Features 

The .B0960SA architecture is based on the most re- 
cent advances in microprocessor technology and is 
grounded in Intel's long experience in the design 
and manufacture of embedded microprocessors. 
Many features contribute to the 80960SA's excep- 
tional performance: 

1 . Large Register Set. Having a large number of 
registers reduces the number of times that a 
processor needs X6 access memory. Modem 
compilers can take advantage of this feature to 
optimize execution speed. For maximum flexibili- 
ty, the 80960SA provides thirty-two 32-bit regis- 
ters. (See Figure 2.) 

2. Fast Instruction Execution. Simple functions 
make up the bulk of instructions in most pro- 
grams so that execution speed can be improved 
by ensuring that these core Instructions are exe- 
cuted as quickly as possible. The most frequently 
executed instructions — such as register-register 
moves, add/subtract, logical operations and 
shifts — execute in one to two cycles. (Table 1 
contains a list of instructions.) 

3. Loac(/Store Arcliitecture. One way to improve 
execution speed is to reduce the number of times 
that the processor must access memory to per- 
form an operation. As with other processors 
based on RISC technology, the 80960SA has a 
Load/Store architecture. As such, only the LOAD 
and STORE instructions reference memory; all 
other instructions operate on registers. This type 

^ of architecture simplifies Instruction decoding 
and Is used in combination with other techniques 
to increase parallelism. 

4. Simple Instruction Formats. All instructions in 
the 80960SA are 32 bits long and must be 
aligned on word boundaries. This alignment 
makes it possible to eliminate the instruction 
alignment stage In the pipeline. To simplify the 
instruction decoder, there are only five instruction 
formats; each Instruction uses only one format 
(See Figure 3.) 



5. Overlapped Instruction Execution. Load oper- 
ations allow execution of subsequent instructions 
to continue before the data has been returned 
from memory, so that these instructions can 
overlap the load. The 80960SA manages this 
process transpa'-ently to software through the 
use of a register scoreboard. Conditional Instruc- 
tions also make use of a scoreboard so that sub- 
sequent unrelated instructions may be executed 
while the conditional instruction is pending. 

6. Integer Execution Optimization. When the re- 
sult of an arithmetic execution is used as an oper- 
and In a subsequent calculation, the value is sent 
immediately to its destination register. At the 
same time, the value is put on a bypass path to 
the ALU, thereby saving the time that otherwise 
would be required to retrieve the value for the 
next operation. 

7. Bandwidth Optimizations. The 80960SA gets 
optimal use of its memory bus bandwidth be- 
cause the bus is tuned for use with the on-chip 
instruction cache: instruction cache line size 
matches the maximum burst size for Instruction 
fetches. The 80960SA automatically fetches four 

. words in a burst and stores them directly in the 
cache. Due to the size of the cache and the fact 
that it is continually filled in anticipation of need- 
ed instructions in the program flow, the 80960SA 
is relatively insensitive to memory wait states. 
The benefit Is that the 80960SA delivers out- 
standing performance even with a low cost mem- 
ory system. 

8. Cache Bypass. If a cache miss occurs, the proc- 
essor fetches the needed Instruction then sends 
it on to the instruction decoder at the same time it 
updates the cache. Thus, no extra time is spent 
to load and read the cache. 
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Table 1. 80960SA Instruction Set 



Data Movement 


Arithmetic 


Logical 


Bit c^nd Bit Field 


Load 
Store 
Move 
Load Address 


Add 

Subtract 

Multiply 

Divide 

Remainder 

Modulo 

Shift 

Extended Multiply 

Extended Divide 


And 

Not And 
And Not 
Or 

Exclusive Or 
Not Or 
Or Not 
Nor 

Exclusive Nor 
Not 
Nand 
Rotate 


Set Bit 
Clear Bit 
Not Bit 
Check Bit 
Alter Bit 
Scan For Bit 
Scan Over Bit 
Extract 
Modify 


Comparison 


Branch 


Call/Return 


Fault 


Compare 

Conditional Compare 
Compare and Increment 
Compare and Decrement 


Unconditional Branch 
Conditional Branch 
Compare and Branch 


Call 

Call Extended 

Call System 

Return 

Branch and Link 


Conditional Fault 
Synchronize Faults 


Debug 


IMiscelianeous 


Decimal 




Modify Trace Controls 

Mark 

Force Mark 


Atomic Add 
Atomic Modify 
Flush Local Registers 
Modify Arithmetic Controls 
Scan Byte for Equal 
Test Condition Code 


Move 

Add and Carry 

Subtract with Carry 




Synchronous 








Synchronous Load 
Synchronous Move 
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Figure 3. Instruction Formats 



1.1.1 l\MEiyAORY SPACE AND ADDRESSING 
MODES 

The 80960SA offers a linear programming environ- 
ment so that all programs running on the processor 
are contained in a single address space. Maximum 
address space size is 4 Gigabytes (232 bytes). 

For ease of use the 80960SA has a small number of 
addressing modes, but includes all those necessary 
to ensure efficient execution of high-level languages 
such as C. Table 2 lists the memory addressing 
modes. 

Table 2. Memory Addressing Modes 



• 12-Bit Offset 

• 32-Bit Offset 

• Register- Indirect 

• Register + 12-Bit Offset 

• Register + 32-Bit Offset 

• Register + (Index-Register x Scale-Factor) 

• Register x Scale Factor + 32-Bit Displacement 

• Register + (Index-Register x Scale-Factor) + 
32-Bit Displacement 

Scale-Factor is 1 , 2, 4, 8 or 1 6 



1.1.2 DATATYPES 

The 80960SA recognizes the following data types: 

Numeric: 

• 8", 16-, 32- and 64-bit ordinals 

• 8-, 16-, 32- and 64-blt integers 

Non-Numeric: 

• Bit 

• Bit Field 

• Triple Word (96 bits) 

• Quad-Word (128 bits) 

1.1.3 LARGE REGISTER SET 

The 80960SA programming environment includes a 
large number of registers. In fact, 32 registers are 
available at any time. The availability of this many 
registers greatly reduces the number of memory ac- 
cesses required to perform algorithms, which leads 
to greater instruction processing speed. 

There are two types of general-purpose register: 
local and global. The global registers consist of six- 
teen 32-bit registers (gO though g15). These regis- 
ters perform the same function as the general- 
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purpose registers provided in other popular micro- 
processors. The term global I'efers to the fact that 
these registers retain their contents across proce- 
dure calls. 

The local registers, on the other hand, are proce- 
dure speciific. For each procedure call, the 80960SA 
allocates 16 local registers (rO through r15). Each 
local register is 32 bits wide. 



1.1.4 MULTIPLE REGISTER SETS 

To further increase the efficiency of the register set, 
multiple sets of local registers are stored on-chip 
(See Figure 4). This cache holds up to four local 
register frames, which means that up to three proce- 
dure calls can be made without having to access the 
procedure stack resident in memory. 



Although programs may have procedure calls nest- 
ed many calls deep, a program typically oscillates 
back and forth between only two to three levels. As 
a result, with four stack frames in the cache, the 
probability of having a free frame available on the 
cache when a call is made is very high. In fact, runs 
of representative C-language programs show that 
80% of the calls are handled without needing to 
access memory. 

If four or more procedures are active and a new pro- 
cedure Is called, the 80960SA moves the oldest 
local register set In the stack-frame cache to a pro- 
cedure stack in memory to make room for a new set 
of registers. Global register g15 is the frame pointer 
(FP) to the procedure stack. 

Global registers are not exchanged on a procedure 
call, but retain their contents, making them available 
to all procedures for fast parameter passing. 
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Figure 4. Multiple Register Sets Are Stored On-Chip 
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1.1.5 INSTRUCTION CACHE 

To further reduce memory accesses, the 80960SA 
includes a 512-byte on-chip instruction cache. The 
instruction cache is based on the concept of locality 
of reference; most programs are not usually execut- 
ed in a steady stream but consist of many branches, 
loops and procedure calls that lead to jumping back 
and forth in the same small section of code. Thus, 
by maintaining a block of instructions in cache, the 
number of memory references required to read 
instructions into the processor is greatly reduced. 

To load the instruction cache, instructions are 
fetched in 16-byte blocks; up to four instructions can 
be fetched at one time. An efficient prefetch algo- 
rithm increases the probability that an instruction will 
already be in the cache when it is needed. 

Code for small loops often fits entirely within the 
cache, leading to a great increase in processing 
speed since further memory references might not be 
necessary until the program exits the loop. Similarly, 
when calling short procedures, the code for the call- 
ing procedure is likely to remain in the cache so it 
will be there on the procedure's return. 

1.1.6 REGISTER SCOREBOARDING 

The instruction decoder is optimized in several ways. 
One optimization method is the ability to overlap 
instructions by using register scoreboarding. 

Register scoreboarding occurs when a LOAD moves 
a variable from memory into a register. When the 
instruction initiates, a scoreboard bit on the target 
register is set. Once the register is loaded, the bit is 
reset. In between, any reference to the register con- 
tents is accompanied by a test of the scoreboard bit 
to ensure that the load has completed before pro- 
cessing cpntinues. Since the processor does not 
need to wait for the LOAD to complete, it can exe- 
cute additional instructions placed between the 
LOAD and the instruction that uses the register con- 
tents, as shown in the following example: 

Id dat,a.-2, r4 
Id data«2, r5 
Unrelated instruction 
Unrelated instruction 
add r4, r5, r6 
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In essence, the two unrelated instructions between 
LOAD and ADD are executed "for free" (i.e., take no 
apparent time to execute) because they are execut- 
ed while the register is being loaded. Up to three 
load instructions can be pending at one time with 
three corresponding scoreboard bits set. By exploit- 
ing this feature, system programmers and compiler 
writers have a useful tool for optimizing execution 
speed. 

1.1.7 HIGH BANDWIDTH BUS 

The 80960SA CPU resides on a high-bandwidth 
address/data bus. The bus provides a direct com- 
munication path between the processor and the 
memory and I/O subsystem interfaces. The proces- 
sor uses the bus to fetch instructions, manipulate 
memory and respond to interrupts. Bus features 
include: 

• 1 6-bit data path multiplexed onto the lower bits of 
the 32-bit address path 

• Eight 16-bit half-word burst capability which 
allows transfers from 1 to 1 6 bytes at a time 

• High bandwidth reads and writes with 32 Mbytes/s 
burst (at 20 MHz) 

Table 3 defines bus signal names and functions; Ta- 
ble 4 defines other component-support signals such 
as interrupt lines. 

1.1.8 INTERRUPT HANDLING 

The 80960SA can be interrupted in one of two ways: 
by the activation of one of four interrupt pins or by 
sending a message on the prpcessor's data bus. 

The 80960SA is unusual in that it automatically han- 
dles interrupts on a priority basis and can keep track 
of pending interrupts through its on-chip interrupt 
controller. Two of the interrupt pins can be config- 
ured to provide 8259A-style handshaking for expan- 
sion beyond four interrupt lines. 

1.1.9 DEBUG FEATURES 

The 80960SA has built-in debug capabilities. There 
are two types of breakpoints and six trace modes. 
Debug features are controlled by two internal 32-bit 
registers, the Process-Controls Word and the Trace- 
Controls Word. By setting bits in these control 
words, a software debug monitor can closely control 
how the processor responds during program execu- 
tion. 
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The 80960SA provides two hardware breakpoint 
registers on-chip which, by using a special com- 
mand, can be set to any value. When the instruction 
pointer matches either breakpoint register value, the 
breakpoint handling routine is automatically called. 

The 80960SA also provides software breakpoints 
through the use of two instructions: IVIARK and 
FMARK. These can be placed at any point in a pro- 
gram and cause the processor to halt execution at 
that point and call the breakpoint handling routine. 
The breakpoint mechanism is easy to use and pro- 
vides a powerful debugging tool. 

Tracing is available for instructions (single step exe- 
cution), calls and returns and branching. Each tr^ce 
type may be enabled separately by a spedial debug 
instruction. In each case, the 80960SA executes the 
instruction first and then calls a trace handling rou- 
tine (usually part of a software debug monitor). Fur- 
ther program execution is halted until the routine 
completes, at which time execution resumes at the 
next instruction. The 80960SA's tracing inecha- 
nisms, implemented completely in hardware, greatly 
simplify the task of software test and debug. 

1.1.10 FAULT DETECTION 

The 80960SA has an automatic mechanism to han- 
dle faults. Fault types include trace and arithmetic 
faults. Wheh the processor detects a fault, it auto- 
matically calls the appropriate fault handling routine 
and saves the current instruction pointer and neces- 
sary state information to make efficient recovery 
possible. Like interrupt handling routines, fault han- 
dling routines are usually written to meet the needs 
of specific applications and are often included as 
part of the operating system or kernel. 
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For each of the fault types, there are numerous sub- 
types that provide specific information about a fault. 
The fault handler can use this specific information to 
respond correctly to the fault. 

1.1.11 BUILT-IN TESTABILITY 

Upon reset, the 80960SA automatically conducts an 
exhaustive internal test of its major blocks of logic. 
Then, before executing its first instruction, it does a 
zero check sum on the first eight words in memory 
to ensure that the memory image was progranimed 
correctly. If a problem is discovered at any point dur- 
ing the self-test, the 80960SA asserts its FAIL pin 
and will not begin program execution. Self test takes 
approximately 24,0Q0 cycles to complete. 

System manufacturers can use the 80960SA's self- 
test feature during incoming parts inspection. No 
special diagnostic programs need to be written. The 
test is both thorough and fast. The self-test capabili- 
ty helps ensure that defective parts are discovered 
before systems are shipped and, once in the field, 
the self-test makes it easier to distinguish between 
problems caused by processor failure and problems 
resulting from other causes. 

1.1.12 CHMOS 

The 80960SA is fabricated using Intel's CHMOS IV 
(Complementary High Speed Metal Oxide Semicon- 
ductor) process. The 80960iSA is available at 10 and 
16 MHz in the QFP package and at 10, 16 and 20 
MHz In the PLCC package. 
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Table 3. 80960SA Pin Description: Bus Signais 



Name 


Type 


Description 


CLK2 


1 


SYSTEi\« CLOCK provides the fundamental timing for 80960SA systems. It is divided 
by two Inside the 80960SA to generate the internal processor clock. 


A31:16 



T.S. 


ADDRESS BUS carries the upper 16 bits of the 32-bit physical address to memory. It 
is valid throughout the burst cycle; no latch is required. 


AD15:1,D0 


I/O 
T.S. 


ADDRESS/DATA BUS carries the low order 32-bit addresses and 16-bit data to and 
from memory. AD1 5:4 must be latched since the cycle following the address cycle 
carries data on the bus. 


A3:1 



T.S. 


ADDRESS BUS carries the word addresses of the 32-bit address to memory. These 
three bits are incremented during a burst access indicating the next word address of 
the burst access. Note that A3:1 are duplicated with AD3:1 during the address cycle. 


ALE 



T.S. 


ADDRESS LATCH ENABLE Indicates the transfer of a physical address. ALE is 
asserted during a Tq cycle and deasserted before the beginning of the Td state. It is 
active high and floats to a high impedance state during a hold cycle (Th). 


AS 



T.S. 


ADDRESS STATUS indicates an address state. AS is asserted every Ta state and 
deasserted during the following Td state. AS is driven HIGH during reset. 


W/R 



T.S. 


WRITE/READ specifies, during a Tg cycle, whether the operation is a write or read. It 
is latched on-chip and remains valid during Td cycles. 


DEN 



T.S. 


DATA ENABLE is asserted during Td cycles and indicates transfer of data on the AD 
lines. The AD lines should not be driven by an external source unless DEN is 
asserted. When DEN is asserted, outputs from the previous cycle are guaranteed to 
be three-stated. In addition, DEN deasserted indicates inputs have been captured and 
therefore input hold times can be disregarded. DEN is driven HIGH during reset. 


DT/R 



T.S. 


DATA TRANSIiMIT/RECEiVE indicates the direction of data transfer to and from the 
bus. It is low during Ta and Td cycles for a read or interrupt acknowledgment; it is high 
during Ta and Td cycles for a write. DT/R never changes state when DEN is asserted. 
DT/R is driven HIGH during reset. 


READY 


1 


READY indicates that data on AD lines can be sampled or removed. If READY is not 
asserted during a Td cycle, the Td cycle Is extended to the next cycle by inserting a 
wait state (T^). 




I/O 
O.D. 


BUS LOCK prevents bus masters from gaining control of the bus during Read/ 
Modify/Write (RMW) cycles. The processor or any bus agent may assert LOCK. 
At the start of a RMW operation, the processor examines the LOCK pin. If the pin is 
already asserted, the processor waits until it is not asserted. If the pin is not asserted, 
the processor asserts LOCK during the Ta cycle of the read transaction. 


LOCK 


The processor deasserts LOCK in the Ta cycle of the write transaction. During the 

time LOCK is asserted, a bus agent can perform a normal read or write but not a RMW 

operation. The processor also asserts LOCK during interrupt-acknowledge 

transactions. 

Do not leave LOCK unconnected. It must be pulled HIGH for the processor to function 

properly. 


ONCE l\/IODE: The LOCK pin is sampled during reset. If it is asserted LOW at the end 
of reset, all outputs will be three-stated until the part is reset again. ONCE mode is 
used in conjunction with an in-circuit emulator. 



I/O = Input/Output, O = Output, I = Input, O.D. = Open Drain, T.S. = Three-state 
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Table 3. 80960SA Pin Description: Bus Signals (Continued) 



Name 


Type 


Description 


BE1:0 



T.S. 


BYTE ENABLE LINES Specify which data bytes (up to two) on the bus talce part In 
the current bus cycle. BE1 corresponds to AD1 5:8; BEO corresponds to AD7:1 , DO. 
The byte enable lines are asserted appropriately during each data cycle. 
INITIALIZATION FAILURE indicates that the processor has failed to initialize 
correctly. The failure state is indicated by a combination of BLAST asserted and 
BE1 :0 not asserted. This condition occurs after RESET is deasserted and before the 
first bus transaction begins. FAIL i$ asserted while the processor performs a self- 
test. If the self-test completes successfully, FAIL is deasserted. The processor then 
performs a zero checksum on the first eight words of memory. If it fails, FAIL is 
asserted for a second time and remains asserted; if it passes, system initialization 
continues and FAIL remains deasserted. 


HOLD 


1 


HOLD: A request from an external bus master to acquire the bus. When the 
processor receives HOLD and grants bus control to another master, it floats its 
three-state bus lines, then asserts HLDA and enters the T^ state. When HOLD is 
deasserted, the processor deasserts HLDA and enters the Tj or Ta state. 


HLDA 



T.S. 


HOLD ACKNOWLEDGE: Notifies an external bus master that the processor has 
relinquished control of the bus. This signal is always driven. At reset it is driven LOW. 


BLAST/FAIL 



T.S. 


BURST LAST indicates the last data cycle (Td) of a burst access. It is asserted low 
during the last Tj and associated with Tw cycles in a burst access. , 
INITIALIZATION FAILURE indicates that the processor has failed to initialize 
correctly. The failure state is indicated by a combination of BLAST asserted and 
BE1 :0 not asserted. This condition occurs after RESET is deasserted and before the 
first bus transaction begins. FAIL is asserted while the processor performs a self- 
test. If the self-test completes successfully, FAIL is deasserted. The processor then 
performs a z^ro checksum on the first eight words of memory. If it fails, FAIL is 
asserted for a second time and remains asserted; if it passes, system Initialization 
continues and FAIL remains deasserted. 



I/O = Input/Output, O = Output, I = Input, O.D. = Open Drain, T.S. ^ Three-state 



1-12 



intel 



80960SA 



Table 4. 80960SA Pin Description: Support Signals 



Name 


Type 


Description 


RESET 


1 


RESET clears the processor's Internal logic and causes it to reinitialize. 

During RESET assertion, the input pins are Ignored (except for INTO, INT1 , INT3, 

LOCK), the three-state output pins are placed in a HIGH impedance state (except for 

DT/R, DEN, and AS) and other output pins are placed in their non-asserted states. 

RESET must be asserted for at least 41 CLK2 cycles for a predictable reset. 

Optionally, for a synchronous reset, the LOW and HIGH transition of RESET should 

occur after the rising edge of both CLK2 and the external bus CLK and before the next 

rising edge of CLK2. 

The interrupt pins indicate the initialization sequence executed. Typical initialization 

requires driving only INTO and INT3 to a HIGH state. The reset conditions follow: 


INTO INT1 INT3 LOCK Action Taken 


1x11 Run-self-test (core initialization) 

11 Disable self-test 

1 X X Reserved 

X X X Reserved 

X X X ONCE mode (see LOCK pin) 


INTO 


1 


INTERRUPT indicates a pending interrupt. To signal an interrupt in a synchronous 
system, this pin— as well as the other interrupt pins — must be enabled by being 
deasserted for at least one bus cycle and then asserted for at least one additional bus 
cycle. In an asynchronous system the pin must remain deasserted for at least two 
system clock cycles and then asserted for at least two more system clock cycles. The 
interrupt control register must be programmed with an interrupt vector before using 
this pin. 
INTO is sampled during reset to determine if the self-test sequence is to be executed. 


INT1 


1 

1 


INTERRUPT 1, like INTO, provides direct interrupt signaling. INT1 is sampled during 
reset to determine if the self-test sequence is to be executed. 


INT2/INTR 


1 


INTERRUPT2/INTERRUPT REQUEST: The interrupt control register determines how 
this pin is Interpreted. If INT2, it has the same interpretation as the INTO and INT1 
pins. If INTR, it is used to receive an interrupt request from an external interrupt 
controller. 


INT3/INTA 


I/O 
T.S. 


INTERRUPTS/INTERRUPT ACKNOWLEDGE: The interrupt control register 
determines how this pin is interpreted. If INT3, it has the same Interpretation as the 
INTO and INT1 pins. If INTA, it is used as an output to control interrupt-acknowledge 
transactions. The INTA output is latched on-chip and remains valid during Td cycles; 
as an output. It is open-drain. INT3 must be pulled HIGH during reset. 


NC 


N/A 


NOT CONNECTED indicates pins, should not be connected. Never connect any pin 
marked NC; these pins may be reserved for factory use. 




I/O = Input/Output, O = Output, I = Input, O.D. = Open Drain, TS. = Three-state 
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2.0 ELECTRICAL SPECIFICATIONS 



2. 1 Power and Grounding 

The 80960SA is impleimented in CHMOS IV technol- 
ogy and therefore has modest power requirements. 
Its high clock frequency and numerous output buff- 
ers (address/data, control, error and arbitration sig- 
nals) can cause power surges as multiple output 
buffers simultaneously drive new signal levels. For 
clean on-chip power distribution, Vcc and Vss pins 
separately feed the device's functional units. Power 
and ground connections must be made to all 
80960SA power and ground pins. On the circuit 
board, all Vcc pins must be strapped closely togeth- 
er, preferably on a power plane; all Vss P'^s should 
be strapped together, preferably on a ground plane. 



2.2 Power Decoupling 
Recommendations 

Place a liberal amount of decoupling capacitance 
near the 80960SA. When driving the bus the proces- 
sor can cause transient power surges, particularly 
when connected to a large capacltive load. 

Low inductance capacitors and interconnects are 
recommended for best high frequency electrical per- 
formance. Inductance is reduced by shortening 
board traces between the processor and decoupling 
capacitors as much as possible. 



Do not connect external logic to pins marked NC. 



OPEN-DRAIN 
OUTPUT 



:9ion 



272206-4 



Figure 5. Connecti oh Rec ommendation 
for LOCK 



2.4 Characteristic Curves 

Figure 6 shows typical supply current requirements 
over the operating temperature range of the proces- 
sor at supply voltage (Vcc) o^ 5V. Figure 7 shows 
the typical power supply current (Ice) that the 
80960SA requires at various operating frequencies 
when measured at three input voltage (Vcc) levels. 

For a given output current (Iql) the curve in Figure 8 
shows the worst case output low voltage (Vql)- Fig- 
ure 9 shows the typical capacltive derating curve for 
the 80960SA measured from 1.5V on the system 
clock (CLK) to 0.8V on the falling edge and 2.0V on 
the rising edge of the bus address/data (AD) 
signals. 



2.3 Connection Recommendations 

For reliable operation, always connect unused in- 
puts to an appropriate signal level. In particular, If 
one or more interrupt lines are not used, they should 
be pulled up. No inputs should ever be left floating. 



The LOCK open drain pin requires a pullup resistor 
whether or not the pin is used as an output. Figure 5 
shows the recommended resistor value. 



1-14 



Intel 



80960SA 



Vrr = 5.0V 



350 



^ 300 



D 20 MHz 


♦ 16 MHz 


O 10 MHz 



% 250 



% 200 



150 



too 



->■ ==*========::^5 



-10 10 20 30 40 50 60 70 80 90 100 110 
CASE TEMPERATURE (°C) 



272206-6 




Figure 6. Typical Supply Current vs Case Temperature 
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Figure 7. Typical Current vs Frequency (Room Temp) 
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Figure 8. Typical Current vs Frequency (Hot Temp) 



(TEMP 



= +850C,Vcc = 4.5V) 
30 



3' 
Q- 



3 
O 



>- 
< 
I— -J 
< Ld 
I— Q 

I 9 

UJ _J 
bJ < 

^> 



25 
20 
15 
10 
5 




1 

FALL 
> 


ING 

V 










:^ 




"^ 


--^ 




— ■ 


"-■^ 


\ 










\ 

RISING 

























20 40 60 80 100 
CAPACITIVE LOAD(pF) 



272206-9 



Figure 9. Capacitive Derating Curve 
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2.5 Test Load Circuit 

Figure 1 illustrates the load circuit used to test the 
80960SA's output pins. 



THREE-STATE OUTPUT 



1 



Cl = 50 pF for all signals 



272206-10 



Figure 10. Test Load Circuit for 
Three-State Output Pins 
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2.6 Absolute Maximum Ratings'^ 

Operating Temperature (PLCC) ^ 0**C to + 85*C Case 
Operating Temperature (QFP) .0°C to +100*0 Case 

Storage Temperature -65°C to + 1 SO^'C 

Voltage on Any Pin (PLCC) . . . -0.5V to Vcc + 0.5V 
Voltage on Any Pin (QFP) . . -0.25V to Vcc + 0.25V 
Power Dissipation 1 .9W (20 MHz) 



NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 



* WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex- 
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 



2.7 DC Characteristics 

80960SA (10 and 16 MHz QFP) 
80960SA (10 and 16 MHz PLCC) 
80960SA (20 MHz PLCC) 



TcASE = O'CtO +100''C, Vcc = 5V ±5% 
TcASE = O^C to +85*C, Vcc = 5V ±10% 
TcASE = O^C to +85*0, Vcc = 5V ±5% 



Table 5. DC Characteristics 



Symboi 


Parameter 


l^ilT 


mx 


Units 


Notes 


V,L 


Input Low Voltage 


-0.3 


+ 0.8 


V 




V|H 


Input High Voltage 


2.0 


Vcc +0.3 


V 




VcL 


CLK2 Input Low Voltage 


-0.3 


+ 0.8 


V 




VCH 


CLK2 Input High Voltage 


0.7 Vcc 


Vcc +0.3 


V 




Vol 


Output Low Voltage 




0.45 
0.45 
0.60 


V 
V 
V 


loL = 4.0 mA 

lOL = 6 mA, LOCK Pin 

lOL = 20 mA, LOCK Pin 


VOH 


Output High Voltage 


2.4 




V 


All TS, -2.6 mA (1) 


Ice 


Power Suppfy Current: 
lOMHz-QFP 
10 MHz-PLCC 
16 MHz-PLCC 
20 MHz-PLCC 




240 
240 
300 
340 


nfiA 
mA 
mA 
mA 


TCASE-0«C 
TcASE = O^'C 
TcASE = O'^C 
TcASE = P"C 


'LI1 


Input Leakage Current, 
Except INTO, LOCK 




±15 


IxA 


O^ViN^Vcc 


IlI2 


Input Leakage Current, 
INTO, LOCK 




-300 


ixA 


V|N = 0.45V(2) 


Iql 


Output Leakage Current 




±15 


liA 




C|N 


Input Capacitance 




10 


PF 


fc = 1 MHz(3) 


Co 


Output Capacitance 




12 


PF 


fc = 1 MHz(3) 


CCLK 


Clock Capacitance 




10 


pF 


fc = 1 MHz(3) 



NOTES: 

1 . Not m eas ured fo r open-drain output. 

2. INTO and LOCK have internal pullup devices. 

3. input, output and clock capacitance are not tested. 
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2.8 AC Specifications 

This section describes the AC specifications for the 
80960SA pins. All input and output timings are spec- 
ified relative to the 1 .5V level of the rising edge of 
CLK2 and refer to the time at which the signal cross- 
es 1.5V (for output delay and input setup). All AC 



testing should be done with input voltages of 0.4V 
and 2.4V, except for the clock (CLK2) which should 
be tested with input voltages of 0.45V and 0.7 x Vqc- 
See Figure 1 1 and Tables 6, 7 and 8 for timing rela- 
tionships for the 80960SA signals. 



EDGE 



OUTPUTS: 

AD15:1, A3:1, D0 
A3 1 : 16,BE1:0 
W/R, DEN, BLAST 
HLDA, LOCK, INTA 



DT/R 



INPUTS: 
AD15:1,D0 
INTCINTI 
INT2,INT3 



HOLD 
LOCK 
READY 



1.5V 





Figure 11. Drive Levels and Timing Relationships for 80960SA Signals 
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2.8.1 AC SPECIFICATION TABLES 

Table 6. 80960SA AC Characteristics (10 MHz) 



Symbol 


Parameter 


Mln 


Max 


Units 


Notes 


Input Clock 


Ti 


Processor Clock 
Period (CLK2) 


50 


125 


ns 


V|N=1.5V 


T2 


Processor Clock 
Low Time (CLK2) 


8 




ns 


Vt = 10% Point 

= Vcl + (Vch-Vcl)x0.1 


T3 


Processor Clock 
High Time (CLK2) 


8 




ns 


Vt = 90% Point 

= Vcl+(Vch-Vcl)x0.9 


T4 


Processor Clock 
Fall Time (CLK2) 




10 


ns 


Vt = 90% to 10% Point (1) 


Ts 


Processor Clock 
Rise Time (CLK2) 




10 


ns 


Vt= 10% to 90% Point (1) 


Synchronous Outputs 


Te 


Output Valid Delay 


2 


31 


ns 




T6AS 


AS Output Valid Delay 


2 


25 


ns 




T7 


ALE Width 


T1-II 




ns 




Te 


ALE Output Valid Delay 


4 


33 


ns 




Tg 


Output Float belay 


2 


20 


ns 


(2) 


Synchronous Inputs 


Tio 


Input Setup 1 


10 




ns 




Tii 


Input Hold 


2 




ns 




Ti2 


Input Setup 2 


13 




ns 




T13 


Setup to ALE Inactive 


10 




ns 




T14 


Hold After ALE Inactive 


8 




ns 




Ti5 




3 




ns 


(3) 


RESET Hold 


T16 




5 




ns 


(3) 


RESET Setup 


T17 


RESET Width 


2050 




ns 


41 CLK2 Periods Minimum 



NOTES: 

1 . Processor clock (CLK2) rise time and fall time are not tested. 

2. A float condition occurs when the maximum output current becomes less than Ilq. Float delay is not tested, but should be 
no longe r than t he valid delay. 

3. Meeting RESET setup and hold times is an optional method of synchroiTizing your clocks. If you decide to use an asyn- 
chronous reset, synchronizing the clock can be accomplished by using AS. 
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Table?. 80960SA AC Chafacterlstlcs (16 MHz) 


Symbol 


Parameter 


MIn 


Max 


Units 


Notes 


Input Clock 


Ti 


Processor Clock 
Period (CLK2) 


31.25 


125 


ns 


V,N = 1.5V 


T2 


Processor Clock 
Low Time (CLK2) 


8 




ns 


Vt= 10% Point 

= Vcl + (Vch-Vcl)xo.i 


T3 


Processor Clock 
High Time (CLK2) 


8 




ns 


Vt = 90% Point 

= Vcl + (Vch--Vcl)x0.9 


T4 


Processor Clock 
Fall Time (CLK2) 




10 


ns 


Vt= 90% to 10% Point (1) 


T5 


Processor Clock 
Rise Time (CLK2) 




10 


ns 


Vt= 10% to 90% Point (t) 


Synchronous Outputs 


Te 


Output Valid Delay 


. 2 


25 


ns 




TsAS 


AS Output Valid Delay 


2 


21 


ns 




T7 


ALE Width 


T1-II 




ns 


• 


T8 


ALE Output Valid Delay 


2 


22 


ns 




T9 


Output Float Delay 


2 


20 


ns 


(2) 


Synchronous Inputs 


T10 


Input Setup 1 


10 




ns 




T11 


Input Hold 


2 




ns 




T12 


Input Setup 2 


13 




ns 




Ti3 


Setup to ALE Inactive 


10 




ns 




Ti4 


Hold After ALE Inactive 


8 




ns 




Ti5 




3 




ns 


(3) 


RESET Hold 


T16 




5 




ns 


(3) 


RESET Setup 


T17 




1281 




ns 


41 CLK2 Periods Minimum 


RESET Width 




NOTES: 

1 . Processor clock (CLK2) rise time and fall time are not tested. 

2. A float condition occurs when the maximum output current becomes less than Ilq. Float delay is not tested, but should be 
no long er than t he valid delay. 

3. Meeting RESET setup and hold times is an optional method of synchronizing your clocks. If you decide to use an asyn- 
chronous reset, synchronizing the clock can be accomplished by using AS. 
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Table 8. 80960SA AC Characteristics (20 MHz) 


Symbol 


Parameter 


Min 


Max 


Units 


Notes 


Input Clock 


Ti 


Processor Clock 
Period (CLK2) 


25 


125 


ns 


V,N = 1.5V 


T2 


Processor Clock 
Low Time (CLK2) 


6 




ns 


Vt= 10% Point 

= Vcl + (Vch-Vcl)xo.i 


T3 


Processor Clock 
High Time (CLK2) 


6 




ns 


Vt = 90% Point 

= Vcl + (Vch-Vcl)x0.9 


T4 


Processor Clock 
Fall Time (CLK2) 




10 


ns 


Vt = 90% to 10% Point (1) 


T5 ' 


Processor Clock 
Rise Time (CLK2) 


^ 


10 


ns 


Vt = 10% to 90% Point (1) 


Synchronous Outputs 


Te 


Output Valid Delay 


2 


20 


ns 




TsAS 


AS Output Valid Delay 


2 


20 


ns 




T7 


ALE Width 


T1-II 




ns 




Te 


ALE Output Valid Delay 


2 


18 


ns 




Tg 


Output Float Delay 


2 


17 


ns 


(2) 


Synchronous Inputs 


T10 


Input Setup 1 


7 




ns 


i 


T11 


Input Hold 


2 




ns 




T12 


Input Setup 2 


^3 




ns 




T13 


Setup to ALE Inactive 


10 




ns 




T14 


Hold After ALE Inactive 


8 




ns 




T15 




3 




ns 


(3) 


RESET Hold 


T16 




5 




ns 


(3) 


RESET Setup 


T17 




1025 




ns 


41 CLK2 Periods Minimum 


RESET Width 



NOTES: 

1 . Processor clock (CLK2) rise time and fall time are not tested. 

2. A float condition occurs when the maximum output current becomes less than \\_q. 
no longe r than t he valid delay. 

3. Meeting RESET setup and hold times is an optional method of synchronizing your 
chronous reset, synchronizing the clock can be accomplished by using AS. 



Float delay is not tested, but should be 
clocks. If you decide to use an asyn- 
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Figure 12. Processor Clock Pulse (CLK2) 
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NOTE: Initialization parameters must be set up at least four CLK2 periods before the first CLK2 "A" edge. 
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Figure 13. RESET Signal Timing 




Figure 14. HOLD Timing 
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3.0 MECHANICAL DATA 

3.1 Packaging 

The 80960SA is available in two package types: 

• 80-lead quad flat pack (EIAJ QFP). Shown in Fig- 
ure 15. 



• 84-lead plastic leaded 
Shown in Figure 16. 



chip carrier (PLCC). 



Dimensions for both package types are given in the 
Intel Packaging handbook (Order #240800). 



3.2 Pin Assignment 

The QFP and PLCC have different pin assignments. 
The QFP pins are numbered in order from 1 to 80 
around the package perimeter. The PLCC pins are 
numbered in order from 1 to 84 around the package 
perimeter. Table 9 and Table 1 list the function of 
each QFP pin; Table 1 1 and Table 1 2 list the func- 
tion of each PLCC pin. 

Vcc and GND connections must be made to multi- 
ple Vcc and GND pins. Each Vcc and GND pin must 
be connected to the appropriate voltage or ground 
and externally strapped close to the package. It Is 
recommended that you include separate power and 
ground planes in your circuit board for power distri- 
bution. 



Pins identified as N.C. (No Connect) should never be 
connected. 
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Figure 15. 80-Lead EIAJ Quad Flat Pack (QFP) Package 
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A20 


- 


12 


# 74 


- 


Vss 


A19 


- 


13 


73 


- 


Vcc 


A18 


- 


14 


72 


- 


Vss 


A17 


- 


15 


71 


- 


Vcc 


A16 


- 


16 


70 


- 


LOCK 


Vcc 


- 


17 


69 


- 


BLAST 


Vss 


- 


18 


68 


- 


DT/R 


AD15 


-. 


19 


67 


— 


DEN 


AD14 


- 


20 


■ N80960SA-20 


- 


W/R 


Vss 


: 


21 
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NC 
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NC 


- 


23 
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- 


Vss 
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- 


24 
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- 
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— 


25 
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— 
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26 


60 


- 
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- 


27 


59 


- 
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28 


58 


- 


INT1 


ADS 


- 


29 


57 


- 
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30 


56 


- 


RESET 
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31 


55 
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Figure 16. 84-Lead Plastic Leaded Chip Carrier (PLCC) Paclcage 
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3.3 Pinout 







Table 9. 80960SA QFP Pinout- 


-In Pin Order 






Pin 


Signal 


Pin 


Signal 


Pin 


Signal 


Pin 


Signal 


1 


A22 


21 


Vcc 


41 


BEO 


61 


Vcc 


2 


A21 


22 


Vss 


42 


Vcc 


62 


Vss 


3 


A20 


23 


Vcc 


43 


Vss 


63 


N.C. 


4 


A19 


24 


Vss 


44 


CLK2 


64 


AS 


5 


A18 


25 


AD6 


45 




65 


Vss 


RESET 


6 


A17 


26 


AD5 


46 


INTO 


66 


ALE 


7 


A16 


27 


AD4 


47 


INT1 


67 




READY 


8 


Vcc 


28 


AD3 


48 


INt2/INTR 


68 


A31 


9 


Vss 


29 


AD2 


49 


INT3/INTA 


69 


A30 


10 


AD15 


30 


AD1 


50 


HLDA 


70 


A29 


11 


AD14 


31 


DO 


51 


Vcc 


71 


A28 


12 


Vcc 


32 


Vss 


52 


Vss 


72 


Vss 


13 


Vss 


33 


Vcc 


53 


HOLD 


73 


Vcc 


14 


AD13 


34 


A3 


54 


W/R 


74 


A27 


15 


AD12 


35 


A2 


55 


DEN 


75 


A26 


16 


AD11 


36 


Vcc 


56 


DT/R 


76 


A25 


17 


AD10 


37 


Vss 


57 




n 


Vcc 


BLAST 


18 


AD9 


38 


A1 


58 




78 


Vss 


LOCK 


19 


AD8 


39 


N.C. 


59 


Vcc 


79 


A24 


20 


AD7 


40 


BE1 


60 


Vss 


80 


A23 



NOTE: 

Do not connect any external logic to any pins marked N.C. 
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Table 10. 80960SA QFP Pinout— In Signal Order 



Signal 


Pin 


Signal 


Pin 


Signal 


Pin 


Signal 


Pin 


A1 


38 


A18 


5 


DO 


31 


Vcc 


51 


A2 


35 


A19 


4 


DEN 


55 


Vcc 


59 


A3 


34 


A20 


3 


DT/R 


56 


Vcc 


61 


AD1 


30 


A21 


2 


HLDA 


50 


Vcc 


73 


AD2 


29 


A22 


1 


HOLD 


53 


Vcc 


77 


AD3 


28 


A23 


80 


INTO 


46 


Vcc 


8 


AD4 


27 


A24 


79 


INT1 


47 


Vss 


13 


ADS 


26 


A25 


76 


INT2/INTR 


48 


Vss 


22 


AD6 


25 


A26 


75 


INT3/INTA 


49 


Vss 


24 


AD7 


20 


A27 


74 




58 


Vss 


32 


LOCK 


ADS 


19 


A28 


71 


N.C. 


39 


Vss 


37 


AD9 


18 


A29 


70 


N.C. 


63 


Vss 


43 


AD10 


17 


A30 


69 




67 


Vss 


52 


READY 


AD11 


16 


A31 


68 




45 


Vss 


60 


RESET 


AD12 


15 


ALE 


66 


Vcc 


12 


Vss 


62 


AD13 


14 


AS 


64 


Vcc 


21 


Vss 


72 


AD14 


11 


BEO 


41 


Vcc 


23 


Vss 


78 


AD15 


10 


BET 


40 


Vcc 


33 


Vss 


9 


A16 


7 




57 


Vcc 


36 


Vss 


65 


BLAST , 


A17 


6 


CLK2 


44 


Vcc 


42 


W/R 


54 




NOTE: 

Do not connect any external logic to any pins marked N.C. 



1-27 



80960SA 



Intel 







Tabie 11. 80960SA PLCC Pinout— In Pin Order 






Pin 


Signal 


Pin 


Signal 


Pin 


Signal 


Pin 


Signal 


1 


Vcc 


22 


Vss 


43 


Vss 


64 


HOLD 


2 


N.C. 


23 


N.C. 


44 


Vcc 


66 


N.C. 


3 


Nil 


24 


AD13 


45 


A3 


66 


W/R 


4 


A26 


25 


AD12 


46 


A2 


67 


DEN. 


5 


A25 


26 


AD11 


47 


Vcc 


68 


DT/R 


6 


Vcc 


27 


AD10 


48 


Vss 


69 




BLAST 


7 


Vss 


28 


AD9 


49 


A1 


70 




LOCK 


8 


A24 


29 


AD8 


50 


N.C. 


71 


Vcc 


9 


A23 


30 


AD7 


51 


BET 


72 


Vss 


10 


A22 


31 


Vcc 


52 


BEO 


73 


Vcc 


11 


A21 


32 


Vss 


53 


Vcc 


74 


Vss 


12 


A20 


33 


Vcc 


54 


Vss 


75 


N.C. 


13 


A19 


34 


Vss 


55 


CLK2 


76 


AS 


14 


A18 


35 


AD6 . 


56 




77 


Vss 


RESET 


15 


A17 


36 


AD5 


57 


INTO 


78 


ALE 


16 


A16 


37 


AD4 


58 


INT1 


79 




READY 


17 


Vcc 


38 


AD3 


59 


INT2/INTR 


80 


A31 


18 


Vss 


39 


D2 


60 


INT3/INTA 


81 


A30 


19 


AD15 


40 


D1 


61 


HLDA 


82 


A29 


20 


AD14 


41 


DO 


62 


Vcc 


83 


A28 


21 


Vcc 


42 


N.C. 


63 


Vss 


84 


Vss 



NOTE: 

Do not connect any external logic to any pins marked N.C. 
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Table 12. 80960SA PLCC Pinout-^ln Signal Order 



Signal 


Pin 


Signal 


Pin 


Signal 


Pin 


Signal 


Pin 


A1 


49 


A18 


14 


DT/R 


68 


Vcc 


44 


A2 


46 


A19 


13 


HLDA 


61 


Vcc 


47 


A3 


45 


A20 


12 


HOLD 


64 


Vcc 


53 


DO 


41 


A21 


11 


INTO 


57 


Vcc 


6 


AD1 


40 


A22 


10 


INT1 


58 


Vcc 


62 


AD2 


39 


A23 


9 


INT2/INTR 


59 


Vcc 


71 


AD3 


38 


A24 


8 


INT3/INTA 


60 


Vcc 


73 


AD4 


37 


A25 


5 




70 


Vss 


18 


LOCK 


ADS 


36 


A26 


4 


N.C. 


2 


Vss 


22 


AD6 


35 


A27 


3 


N.C. 


23 


Vss 


32 


AD7 


30 


A28 


83 


N.C. 


42 


Vss 


34 


AD8 


29 


A29 


82 


N.C. 


50 


Vss 


43 


AD9 


28 


A30 


81 


N.C. 


65 


Vss 


48 


AD10 


27 


A31 


80 


N.C. 


75 


Vss 


54 


AD11 


26 


ALE 


78 




79 


Vss 


63 


READY 


AD12 


25 


AS 


76 




56 


Vss 


7 


RESET 


AD13 


24 


BEO 


52 


Vcc 


1 


Vss 


72 


AD14 


20 


BE1 


51 


Vcc 


17 


Vss 


74 


AD15 


19 




69 


Vcc 


21 


Vss 


11 


BLAST 


AD16 


16 


CLK2 


55 


Vcc 


31 


Vss 


84 


A17 


15 


DEN 


67 


Vcc 


33 


W/R 


66 




NOTE: 

Do not connect any external logic to any pins marked N.C. 



1-29 



809608A 




3.4 Package Thermal Specification 

The 80960SA is specif ieid for operation when case 
temperature is within the range 0**C to +85''C 
(PLCC) or 0**C to +100*C (QFP). IVIeasure case 
temperature at the top center of the package. Ambi- 
ent temperature can be calculated from: 

Tj - Tc + P*^jc 
Ta = Tj-P*0ja 
Tc = Ta + P*[0jA-^Jcl 



Compute P by multiplying the maximum voltage by 
the typical current at maximum temperature. Values 
for OjA and 6jc for various airflows are given In 
Table 13 for the QFP package and in Table 14 for 
the PLCC package. Ice at maximum temperature Is 
typically 80 percent of specified Ice maximum (cold). 



Table 13. 80960SA QFP Package Thermal Characteristics 



Thermal Resistance— X/Watt 


Parameter 


Airflow— ft./min (m/sec) 





50 


100 


200 


400 


600 


800 


e Junction-to-Ambient (Case 
measured in the middle of the 
top of the package) 
(No heatsink) 


59 


57 


54 


50 


44 


40 


38 


6 Junction-to-Case 


11 


11 


11 


11 


11 


11 


11 



NOTE: 

This table applies to 80960SA QFP soldered directly to board. 

Table 14. 80960SA PLCC Package Thermal Characteristics 



Thermal Resistance— X/Watt 


Parameter 


Airflow— ft./min (m/sec) 





SO 


100 


200 


400 


600 


800 


1000 


6 Junction-to-Ambient 
(No heatsink) 


34 


32 


29.5 


28 


25 


23 


21 


20.5 


e Junction-to-Case 


12 


12 


12 


12 


12 


12 


12 


12 



NOTE: 

This table applies to 80960SA QFP soldered directly to board. 



3.5 Stepping Register information 

Upon reset, register gO contains die stepping infor- 
mation. Table 15 shows the relationship between 
the number in gO and the current die stepping. 



Table 15. Die Stepping Cross Reference 



Register gO 


Die Stepping 


01010101H 


C-1 



The current numbering pattern in gO may not be con- 
sistent with past or future steppings of this product. 
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4.0 WAVEFORMS 

Figures 17, 18, 19, 20 and 21 show waveforms for various transactions on the 80960SA's bus. Figure 22 
shows a cold reset functional waveform. 



CLK2 



CLK 



ALE 



AS 



[ 
[ 
[ 
[ 

A31:16 r 

A15:4, r 
D15:0 L 

[ 



AAAAAAAAAAAA/ 




A3:1 



■^- ^ ADDR ) \^y 

I I I I 

")( VALID ^INVALID)^ 



VALID 



xz 



BE1:C 



BLAST 1 



[ 



\ 
\ 



/ 
/ 



\ 
\ 



w/r[ 
dt/r[ 



li 



/ 



X. 



/ 



DEN 



READY 



\_y 



\ 



272206-18 




Figure 17. Non-Burst Read and Write Transactions Without Wait States 
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Figure 18. Quad Word Burst Read Transaction with 1, 0, 0, 0, 0, 0, 0, Wait States 
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Figure 19. Burst Write Transaction witti 2, 1, 1, 1 Wait States (6-8 Bytes Transferred) 
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Figure 20. Accesses Generated by Quad Wprd Read Bus Request, 
Misaligned One Byte from Quad Word Boundary (1, 0, 0, 0, 0, 0, 0, 0) Wait States 
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Figure 21. Interrupt Acknowledge Cycle 
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5.0 REVISION HISTORY 

This data sheet supersedes data sheet 272206-001 and applies only to those devices Identified as the current 
stepping in Section 3.5. The section significantly changed since the previous revision are: 



Section 


Last 
Rev. 


Description 


2.3 Connection Recommendations (pg.11) 


-001 


Remove two LOCK pin Connection Recommendation 
figures and added FIrgure 5 to reflect the new LOCK 
pin connection recommodation of a single 91 OH pullup 
resistor. 


2.5 Test Load Circuit (pg.1 3) 


-001 


Obsolete figure (Test Load Circuit for Open-Drain 
Output Pins) removed to reflect current test conditions. 


2.7 DC Characteristics (pg. 14) 


-001 


loL value at 0.45V improved. 

WAS: 2.5 mA IS: 4.0 mA 
LOCK pin loL value at 0.45V relaxed. 

WAS: 12 mA IS: 6 mA 
LOCK pin Iql value at 0.60V deleted. 
80960SA 16 MHz QFP added to product list. 


3.5 Stepping Register Information (pg. 27) 


-001 


New section added. 



This data sheet supersedes data sheet 270917-004, which applied to both the 80960SA and the 80960SB. 
The 80960SB Is now documented In 272207-002. Specification changes in the 80960SA data sheet are a 
result of design changes. The sections significantly changed since the previous revision are: 



Section 


Last 
Rev. 


Description 


2.3 Connection Recommendations 
(p. 15) 


-004 


Deleted corresponding graph of Open 
Drain Voltage vs. Output Current. 


Figure 6. Typical Supply Current vs. Case 
Temperature (p. 1 6), Figure 7. Typical Current vs. 
Frequency (Room Temp) (p. 6) and Figure 8. Typical 
Current vs. Frequency (Hot Temp) (p. 7) 


-004 


Regraphed new data in three graphs 
instead of two. 


Table 5. DC Characteristics (p. 19) 


-004 


Input Leakage Current (Ili2) specification 

added to accurately describe leakage of 

INTO and LOCK as Inputs. 

Ice max reduced: 

Power Supply Current: Was: Is: 

10 MHz 280 240 

16 MHz 350 300 


Table 6. 80960SA AC Characteristics (10 MHz) (p. 21) 
and Table 7. 80960SA AC Characteristics (16 MHz) 
(p. 22) 


-004 


Ty minimum specification improved: 
Power Supply Current: Was: Is: 
10 MHz 24 ns T1-II ns 
16 MHz 15 ns T1-II ns 


Table 8. 80960SA AC Characteristics (20 MHz) (p. 23) 


-004 


New 20 MHz specification table added for 
80960SA C-step. 


Table 13. 80960SA QFP Package Thermal 
Characteristics (p. 32) 


-004 


0JA increased to reflect smaller die size 
and lower Ice- 


Table 1 4. 80960SA PLCC Package Thermal 
Characteristics (p. 32) 


-004 


0JA and ^jc increased to reflect smaller 
die size and lower Ice- 



NOTE: 

Page numbers refer to 80960SA data sheet number 272206-001 . 
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The sections significantly changed between revisions -003 and -004 of the 80960SA/SB data sheet were: 



Section 


Last 
Rev. 


Description 


DC Characteristics (p. 19) 


-003 


Operating temperature for PLCC package changed: 
Was: TcASE = 0''Cto+100'»C 
Is: TcASE = 0*'Cto+85*'C 
The test program has not changed. 


Table 9. 80960SA and 80960SB 
QFP Pinout— In Pin Order (p. 23) 


-003 


Signal A12 incorrectly shown as Pin 28; is now correctly 
shown as Pin 38. Note added to clarify No Connect Pins. 
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80960SB 
EMBEDDED 32-BIT MICROPROCESSOR WITH 16-BIT 

BURST DATA BUS 



High-Performance Embedded 

Architecture 

— ^ 16 MIPS*" Burst Execution at 16 i^Hz 

— 5 Ni\PS Sustained Execution at 
16 iUIHz 

512-Byte On-Chip instruction Cache 

— Direct l\/lapped 

— Paraiiei Load/Decode for Uncached 
instructions 

l\/lultipie Register Sets 

— Sixteen Giobai 32-Bit Registers 

— Sixteen Locai 32-Bit Registers 

— Four Locai Register Sets Stored On- 
Chip 

^ Register Scoreboarding 

Pin Compatible with 80960SA 



Buiit-ln Interrupt Controller 

— 4 Direct Interrupt Pins 

— 31 Priority Levels, 256 Vectors 

Buiit-ln Floating Point Unit 

— Fully IEEE 754 Compatible 

Easy to Use, High Bandwidth 16-Bit Bus 

— 25.6 iVIbytes/s Burst 

— Up to 16 Bytes Transferred per Burst 

32-Bit Address Space, 4 Gigabytes 

80-Lead Quad Fiat Pacic (EIAJ QFP) 

84-Lead Plastic Leaded Chip Carrier 
(PLCC) 

Software Compatible with 
80960KA/KB/CA/CF Processors 




The 80960SB is a member of Intel's I960® 32-bit processor family, which Is designed especially for low cost 
embedded applications, it includes a 512-byte instruction cache, an integrated floating-point unit and a built-in 
interrupt controller. The 80960SB has a large register set, multiple parallel execution units and a 1 6-bit burst 
bus. Using advanced RISC technology, this high performance processor is capable of execution rates in 
excess of 5 million Instructions per second*. The 80960SB is well-suited for a wide range of cost sensitive 
embedded applications including non-impact printers, network adapters and I/O controllers. 
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Figure 1. The 80960SB Processor's l^ighiy Parallel Architecture 



*Relative to Digital Equipment Corporation's VAX-1 1 /780 at 1 MIPS (VAX-1 1 is a trademark of Digital Equipment Corporation). 



January 1994 

Order Number: 272207-002 
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1.0 THE i960® PROCESSOR 

The 80960SB is a member of the 32-blt architecture 
from Intel known as the i960 processor family. 
These microprocessors were especially designed to 
sen/e the needs of embedded applications. The em- 
bedded market includes applications as diverse as 
industrial automation, avionics, image processing, 
graphics and networking. These types of applica- 
tions require high integration, low power consump- 
tion, quick interrupt response times and high per- 
formance. Since time to market is critical, embedded 
microprocessprs need to be easy to use in both 
hardware and software designs. 



All members of the i960 processor family share a 
common core architecture which utilizes RISC tech- 
nology so that, except for special functions, the fam- 
ily members are object-code compatible. Each new 
processor in the family adds its own special set of 
functions to the core to satisfy the needs of a specif- 
ic application or range of applications in the embed- 
ded market. 



0000 OOOOH 



ADDRESS SPACE 



INSTRUCTION 
CACHE 



m 

INSTRUCTION 
STREAM 



^ 



INSTRUCTION 
EXECUTION 

PROCESSOR STATE 
REGISTERS 



INSTRUCTION 
POINTER 



ARITHMETIC 
CONTROLS 



PROCESS 
CONTROLS 



TRACE 
CONTROLS 



1 



FFFF FFFFH 



ARCHITECTURALLY 

DEFINED 
DATA STRUCTURES 



SIXTEEN 32-BIT gO 

GLOBAL' REGISTERS g15 



I li/ i II I mYh' i I .I. I j.' ' .u. ' . ' i('.' iQ i XOXO J OX ' .U ' 



I ' ' ' i ! l " ' ■ ! ii ll Yi ! ! ! i ! ! ! " i ■ i" ' ■ ■ ■ !' ■ ! T ' iY ' "i i ! 
■ i. l .i.P.l !.l M.l.l I! I ! Ill lYl ij.l.l n.l.l. l .l I.I 1.1 I.I I I.I.I I > 



liii i iiiiiiiiiii i iiii 



jijijilocAL REGisTERsiir i;s;: 



FOUR 80-BIT 
FLOATING POINT REGISTERS 



CONTROL REGISTERS 



272207-2 



Figure 2. 80960SB Programming Environment 
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1 . 1 Key performance Features 

The 80960SB architecture is based on the most re- 
cent advances in microprocessor technology and is 
grounded in Intel's long experience in the design 
and manufacture of embedded microprocessors. 
l\/lany features contribute to the 80960SB's excep- 
tional performance: 

1 . Large Register Set. Having a large number of 
registers reduces the number of times that a 
processor needs to access memory. Modem 
compilers can take advantage of this feature to 
optimize execution speed. For maximum flexibili- 
ty, the 80960SB provides thirty-two 32-bit regis- 
ters and four 80-bit floating point registers. (See 
Figure 2.) 

2. Fast Instruction Execution. Simple functions 
make up the bulk of instructions in most pro- 
grams so that execution speed can be improved 
by ensuring that these core instructions are exe- 
cuted as quickly as possible. The most frequently 
executed instructions — such as register-register 
moves, add/subtract, logical operations and 
shifts— execute in one to two cycles. (Table 1 
contains a list of instructions.) 

3. Load/Store Architecture. One way to improve 
execution speed is to reduce the number of times 
that the processor must access memory to per- 
form an operation. As with other processors 
based on RISC technology, the 80960SB has a 
Load/Store architecture. As such, only the LOAD 
and STORE instructions reference rnemory; all 
other instructions operate on registers. This type 
of architecture simplifies instruction decoding 
and is used in combination with other techniques 
to increase parallelism. 

4. Simpie instruction Formats. All instructions in 
the 80960SB are 32 bits long and must be 
aligned on word boundaries. This alignment 
makes it possible to eliminate the instruction 
alignment stage in the pipeline. To simplify the 
instruction decoder, there are only five instruction 
formats; each instruction uses only one format. 
(See Figure 3.) 



5. Overlapped instruction Execution. Load oper- 
ations allow execution of subsequent instructions 
to continue before the data has been returned 
from memory, so that these instructions can 
overlap the load. The 80960SB manages this 
process transparently to software through the 
use of a register scoreboard. Coriditional instruc- 
tions also make use of a scoreboard so that sub- 
sequent unrelated instructions may be executed 
while the conditional instruction is pending. 

6. Integer Execution Optimization. When the re- 
sult of an arithmetic execution is used as an oper- 
and in a subsequent calculation, the value is sent 
immediately to its destination register. At the 
same time, the value is put on a bypass path to 
the ALU, thereby saving the time that othen/vise 
would be required to retrieve the value for the 
next operation. 

7. Bandwidth Optimizations. The 80960SB gets 
optimal use of its memory bus bandwidth be- 
cause the bus is tuned for use with the on-chip 
instruction cache: instruction cache line size 
matches the maximum burst size for instruction 
fetches. The 80960SB automatically fetches four 
words in a burst and stores them directly in the 
cache. Due to the size of the cache and the fact 
that it is continually filled in anticipation of need- 
ed instructions in the program flow, the 80960SB 
is relatively insensitive to memory wait states. 
The benefit is that the 80960SB delivers out- 
standing performance even with a low cost mem- 
ory system. 

8. Cache Bypass. If a cache miss occurs, the proc- 
essor fetches the needfed Instruction then sends 
it on to the instruction decoder at the same time it 
updates the cache. Thus, no extra time is spent 
to load and read the cache. 
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Table 1. 80960SB Instruction Set , 



Data Movement 


Arithmetic 


Logical 


Bit and Bit Field 


Load 
Store 
Move 
Load Address 


Add 

Subtract 

Multiply 

Divide 

Reimainder 

Modulo 

Shift 

Extended Multiply 

Extended Divide 


Arid 

Not And 
And Not 
Or 

Exclusive Or 
Not Or 
Or Not 
Nor 

Exclusive Nor 
Not 
Nand 
Rotate 


Set Bit 
Clear Bit 
Not Bit 
Check Bit 
Alter Bit 
Scan For Bit 
Scan Over Bit 
Extract 
Modify 


Comparison 


Branch 


Call/Return 


Fault 


Compare 

Conditional Compare 
Compare and Increment 
Compare and Decrement 


Unconditional Branch 
Conditional Branch 
Compare and Branch 


Call 

Call Extended 

Call System 

Return 

Branch and Link 


Conditional Fault 
Synchronize Faults 


Debug 


l\/liscellaneous 


Decimal 


Floating Point 


Modify Trace Controls 

Mark 

Force Mark 


Atomic Add 
Atomic Modify 
Flush Local Registers 
Modify Arithmetic Controls 
Scan Byte for Equal 
Test Condition Code 


Move 

Add and Carry 

Subtract with Carry 

/ 


Move Real 

Scale 

Round 

Square Root 

Sine 

Cosine 

Tangent 

Arctangent 

Log 

Log Binary 

Log Natural 

Exponent 

Classify 

Copy Real Extended 

Compare 


Synchronous 


Conversion 






Synchronous Load 
Synchronous Move 


Convert Real to Integer 
Convert Integer to Real 
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Figure 3. Instruction Formats 



1.1.1 



MEMORY SPACE AND ADDRESSING 
MODES 



The 80960SB offers a linear programming environ- 
ment so that all programs running on the processor 
are contained in a single address space. Maximum 
address space size is 4 Gigabytes (232 bytes). 

For ease of use the 80960SB has a small number of 
addressing modes, but includes all those necessary 
to ensure efficient execution of high-level languages 
such as C. Table 2 lists the memory addressing 
modes. 

Table 2. Memory Addressing Modes 



• 12-Bit Offset 

• 32-Bit Offset 

• Register-Indirect 

• Register+ 12-Bit Offset 

• Register + 32-Bit Offset 

• Register+(lndex-Registerx Scale-Factor) 

• Register x Scale Factor + 32-Bit Displacement 

• Register + (Index-Register x Scale-Factor) + 
32-Bit Displacement 

Scale-Factor is 1, 2, 4, 8 or 16 



1.1.2 DATATYPES 

The 80960SB recognizes the following data types: 

Numeric: 

• 8-, 16-, 32- and 64-bit ordinals 

• 8-, 16-, 32- and 64-bit integers 

• 32-, 64- and 80-bit real numbers 

Non-Numeric: 

• Bit 

• Bit Field 

• Triple Word (96 bits) 

• Quad-Word (128 bits) 

1.1.3 LARGE REGISTER SET 

The 80960SB programming environment includes a 
large number of registers. In fact, 32 registers are 
available at any time. The availability of this many 
registers greatly reduces the number of memory ac- 
cesses required to perform algorithms, which leads 
to greater instruction processing speed. 

There are two types of general-purpose register: 
local and global. The global registers consist of six- 
teen 32-bit registers (gO though g15) and four 80-bit 
registers (FPO through FP3). These registers per- 
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form the same function as the general-purpose reg- 
isters provided in other popular microprocessors. 
The term global refers to the fact that these regis- 
ters retain their contents across procedure calls. 

The local registers, on the other hand, are proce- 
dure specific. For each procedure call, the 80960SB 
allocates 16 local registers (rO through r15). Each 
local register is 32 bits wide. Any register can also 
be used for single or double-precision floating-point 
operations; the 80-bit floating-point registers are pro- 
vided for extended precision. 

1.1.4 MULTIPLE REGISTER SETS 

To further increase the efficiency of the register set, 
multiple sets of local registers are stored on-chip 
(See Figure 4). This cache holds up to four local 
register frames, which means that up to three proce- 
dure calls can be made without having to access the 
procedure stack resident In memory. 

Although programs may have procedure calls nest- 
ed many calls deep, a program typically oscillates 
back and forth between only two to three levels. As 
a result, with four stack frames In the cache, the 
probability of having a free frame available on the 
cache when a call is made Is very high. In fact, runs 
of representative C-language programs show that 
80% of the calls are handled without needing to 
access memory. 

If four or more procedures are active and a new pro- 
cedure is called, the 80960SB moves the oldest 
local register set in the stack-frame cache to a pro- 
cedure stack in memory to make room for a new set 
of registers. Global register g15 is the frame pointer 
(FP) to the procedure stack. 

Global and floating point registers are not ex- 
changed on a procedure call, but retain their con- 
tents, making them available to all procedures for 
fast parameter passing. 

1.1.5 INSTRUCTION CACHE 

To further reduce memory accesses, the 80960SB 
includes a 512-byte on-chip instruction cache. The 
instruction cache Is based on thie concept of locality 
of reference; most programs are not usually execut- 
ed in a steady stream but consist of many branches, 
loops and procedure calls that lead to jumping back 
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and forth in the same small section of code. Thus, 
by maintaining a block of instructions in cache, the 
number of memory references required to read in- 
structions into the processor is greatly reduced. 

To tpad the instruction cache, instructions are 
fetched in 16-byte blocks; up to four instructions can 
be fetched at one time. An efficient prefetch algo- 
rithm increases the probability that an instruction will 
already be in the cache when it is needed. 

Code for small loops often fits entirely within the 
cache, leading to a great Increase in processing 
speed since further memory references might not be 
necessary until the program exits the loop. Similarly, 
when calling short procedures, the code for the call- 
ing procedure is likely to remain in the cache so it 
will be there on the procedure's return. 

1.1.6 REGISTER SCOREBOARDING 

The instruction decoder is optimized in several ways. 
One optimization method is the ability to overlap 
Instructions by using register scoreboarding. 

Register scoreboarding occurs when a LOAD moves 
a variable from memory into a register. When the 
Instruction initiates, a scoreboard bit on the target 
register Is set. Once the register is loaded, the bit is 
reset. In between, any reference to the register con- 
tents is accompanied by a test of the scoreboard bit 
to ensure that the load has completed before pro- 
cessing continues. Since the processor does not 
need to wait for the LOAD to complete, it can exe- 
cute additional instructions placed between the 
LOAD and the instruction that uses the register con- 
tents, as shown in the following example: 

Id data.2, r4 
Id data.2, r5 
Unrelated instruction 
Unrelated instruction 
add r4, r5, r6 

In essence, the two unrelated instructions between 
LOAD and ADD are executed "for free" (i.e., take no 
apparent time to execute) because they are execut- 
ed while the register is being loaded. Up to three 
load instructions can be pending at one time with 
three corresponding scoreboard bits set. By exploit- 
ing this feature, system programmers and compiler 
writers have a useful tool for optimizing execution 
speed. 
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Figure 4. Multiple Register Sets Are Stored On-ChIp 



1.1.7 FLOATING-POINT ARITHMETIC 

In the 80960SB, floating-point arithmetic has been 
made an integral part of the architecture. Having the 
floating-point unit integrated on chip provides two 
advantages. First, it improves the performance of 
the chip for floating-point applications, since no ad- 
ditional bus overhead is associated with floating- 
point calculations, thereby leaving more time for oth- 
er bus operations such as I/O. Second, the cost of 
using floating-point operations is reduced because a 
separate coprocessor chip is not required. 

The 80960SB floating-point (real-number) data 
types include single-precision (32-bit), double- 
precision (64-bit) and extended precision (80-bit) 
floating-point numbers. Any registers may be used to 
execute floating-point operations. 

The processor provides hardware support for both 
mandatory and recommended portions of IEEE 
Standard 754 for floating-point arithmetic, including 
all arithmetic, exponential, logarithmic and other 
transcendental functions. Table 3 shows execution 
times for some representative instructions. 

1.1.8 HIGH BANDWIDTH BUS 

The 80960SB CPU resides on a high-bandwidth 
address/data bus. The bus provides a direct com- 
munication path between the processor and the 



Table 3. Sample Floating-Point Execution Times 
(jms) at 16.MHZ 



Function 


32-Blt 


64-Bit 


Add 


0.6 


0.8 


Subtract 


0.6 


0.8 


Multiply 


1.1 


2.0 


Divide 


2.0 


4.5 


Square Root 


5.8 


6.1 


Arctangent 


15.8 


20.5 


Exponent 


17.7 


19.5 


Sine 


23.8 


25.9 


Cosine 


23.8 


25.9 



memory and I/O subsystem interfaces. The proces- 
sor uses the bus to fetch instructions, manipulate 
memory and respond to interrupts. Bus features 
include: 

• 1 6-bit data path multiplexed onto the lower bits of 
the 32-bit address path 

• Eight 16-bit half-word burst capability which 
allows transfers from 1 to 16 bytes at a time 

• High bandwidth reads and writes with 
25.6 Mbytes/s burst (at 16 MHz) 

Table 4 defines bus signal names and functions; 
Table 5 defines other component-support signals 
such as interrupt lines. 



1-47 



80960SB 




1.1.9 INTERRUPT HANDLING 

The 80960SB can be interrupted in one of two ways: 
by the activation of one of four interrupt pins or by 
sending a message on the processor's data bus. 

The 80960SB is unusual in that it automatically han- 
dles interrupts on a priority basis and can keep track 
of pending interrupts through its on-chip interrupt 
controller. Two of the Interrupt JDins can be config- 
ured to provide 8259A-style handshaking for expan- 
sion beyond four interrupt lines. 



1.1.10 DEBUG FEATURES 

The 80960SB has built-in debug capabilities. There 
are two types of breakpoints and six trace modes. 
Debug features are controlled by two internal 32-bJt 
registers, the Process-Controls Word and the Trace- 
Controls Word. By setting bits in these control 
words, a software debug monitor can closely control 
how the processor responds during program execu- 
tion. 

The 80960SB provides two hardware breakpoint 
registers on-chip which, by using a special com- 
mand, can be set to any value. When the instruction 
pointer matches either breakpoint register value, the 
breakpoint handling routine is automatically called. 

The 80960SB also provides software breakpoints 
through the use of two instructions: MARK and 
RMARK. These can be placed at any point In a pro- 
gram and cause the processor to halt execution at 
that point and call the breakpoint handling routine. 
The breakpoint mechanism is easy to use and pro- 
vides a powerful debugging tool. 

Tracing is available for instructions (single step exe- 
cution), calls and returns and branching. Each trace 
type may be enabled sieparately by a special debug 
instruction. In each case, the 80960SB executes the 
instruction first and then calls a trace handling rou- 
tine (usually part of a software debug monitor). Fur- 
ther program execution is halted until the routine 
completes, at which time execution resumes at the 
next instruction. The 80960SB's tracing mecha- 
nisms, implemented completely In hardware, greatly 
simplify the task of software test and debug. 



1.1.11 FAULT DETECTION 

The 80960SB has an automatic mechanism to han- 
dle faults. Fault types include floating point, trace 
and arithmetic faults. When the processor detects a 
fault, it automatically calls the appropriate fault han- 
dling routine and saves the current instruction point- 
er and necessary state information to make efficient 
recovery possible. Like interrupt handling routines, 
fault handling routines are usu^illy written to meet 
the needs of specific applications and are often in- 
cluded as part of the operating system or kernel. 

For each of the fault types, there are numerous sub- 
types that provide specific information about a fault. 
For example, a floating point fault may have the sub- 
type set to an Overflow or Zero-Divide fault. The 
fault handler can use this specific information to re- 
spond correctly to the fault. 

1.1.12 BUILT-IN TESTABILITY 

Upon reset, the 80960SB automatically conducts an 
exhaustive internal test of its major blocks of logic. 
Then, before executing its first instruction, it does a 
zero check sum on the first eight words in memory 
to ensure that the memory image was programmed 
correctly. If a problem is discovered at any point dur- 
Ing the self-test, the 80960SB asserts Its FAIL pin 
and will not begin program execution. Self test takes 
approximately 47,000 cycles to complete. 

System manufacturers can use the 80960SB's self- 
test feature during incoming parts inspection. No 
special diagnostic programs need to be written. The 
test is both thorough and fast. The self-test capabili- 
ty helps ensure that defective parts are discovered 
before systems are shipped and, once In the field, 
the self-test makes it easier to distinguish between 
problems caused by processor failure and problems 
resulting from other causes. 

1.1.13 CHMOS 

The 80960SB is fabricated using Intel's CHMOS IV 
(Complementary High Speed Metal Oxide Semicon- 
ductor) process. The 80960SB is available at 10 
MHz in the QFP package and at 10 and 16 MHz in 
the PLCC package. 
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Table 4. 80960SB Pin Description: Bus Signals 



Name 


Type 


Description 


CLK2 


1 


SYSTEiWI CLOCK provides the fundamental timing for 80960SB systems. It is divided 
by two inside the 80960SB to generate the internal processor clock. 


A31:16 



T.S. 


ADDRESS BUS carries the upper 16 bits of the 32-bit physical address to nriemory. it 
is valid throughout the burst cycle; no latch is required. 


AD15:1.D0 


I/O 
T.S. 


ADDRESS/DATA BUS carries the low order 32-bit addresses and 16-bit data to and 
from memory. AD1 5:4 must be latched since the cycle following the address cycle 
carries data on the bus. 


A3:1 



T.S. 


ADDRESS BUS carries the word addresses of the 32-bit address to memory. These 
three bits are incremented during a burst access indicating the next word address of 
the burst access. Note that A3:1 are duplicated with AD3:1 during the address cycle. 


ALE 



T.S. 


ADDRESS LATCH ENABLE indicates the transfer of a physical address. ALE is 
asserted during a Tg cycle and deasserted before the beginning of the Td state. It is 
active HIGH and floats to a high impedance state during a hold cycle (Th). 


AS 



T.S. 


ADDRESS STATUS indicates an address state. AS Is asserted every Tg state and 
deasserted during the following Td state. AS is driven HIGH during reset. 


W/R 



T.S. 


WRITE/READ specifies, during a Ta cycle, whether the operation is a write or read. It 
is latched on-chip and remains valid during Td cycles. 


DEN 



T.S. 


DATA ENABLE is asserted during Td cycles and indicates transfer of data on the AD 
lines. The AD lines should not be driven by an external source unless DEN is 
asserted. When DEN is asserted, putputs from the previous cycle are guaranteed to 
be three-stated. In addition, DEN deasserted indicates inputs have been captured and 
therefore input hold times can be disregarded. DEN is driven high during reset. 


DT/R 



T.S. 


DATA TRANSi\/liT/RECEiVE indicates the direction of data transfer to and from the 
bus. It is low during Tg and Td cycles for a read or interrupt acknowledgment; it is high 
during Tg and Td cycles for a write. DT/R never changes state when DEN is asserted. 
DT/R is driven high during reset. 


READY 


1 


READY indicates that data on AD lines can be sampled or removed. If READY is not 
asserted during a Td cycle, the Td cycle is extended to the next cycle by inserting a 
wait state (Tw). 


LOCK 


I/O 
O.D. 


BUS LOCK prevents bus masters from gaining control of the bus during Read/ 
Modify/Write (RMW) cycles. The processor or any bus agent may assert LOCK. 
At the start of a RMW operation, the processor examines the LOCK pin. If the pin is 
already asserted, the processor waits until it is not asserted. If the pin is not asserted, 
the processor asserts LOCK during the Tg cycle of the read transaction. 


The processor deasserts LOCK in the Tg cycle of the write transaction. During the 

time LOCK is asserted, a bus agent can perform a normal read or write but not a RMW 

operation. The processor also asserts LOCK during interrupt-acknowledge 

transactions. 

Do not leave LOCK unconnected. It must be pulled high for the processor to function 

properly. 

ONCE l\/IODE: The LOCK pin is sampled during reset. If it is asserted LOW at the end 

of reset, all outputs will be three-stated until the part is reset again. ONCE mode is 

used in conjunction with an in-clrcuit emulator. 



I/O = Input/Output, O = Output, I = Input, O.D. = Open Drain, TS. = Three-state 
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Table 4. 80960SB Pin Description: Bus Signals (Continued) 



Name 


Type 


Description 


BE1:0 



T.S. 


BYTE ENABLE LINES specify which data bytes (up to two) on the bus take part in 
the current bus cycle. BE1 corresponds to AD15:8; BEO corresponds to AD7:1 , DO. 
The byte enable lines are asserted appropriately during each data cycle. 
INITIALIZATION FAILURE indicates that the processor has failed to initialize 
correctly. The failure state Is indicated by a combination of BLAST asserted and 
BE1:0 not asserted. This condition occurs after RESET is deasserted and before the 
first bus transaction begins. FAIL is asserted while the processor performs a self- 
test. If the self-test completes successfully, FAIL is deasserted. The processpr then 
performs a zero checksum on the first 6ight words of memory. If it fails, FAIL is 
asserted for a second time and remains asserted; if it passes, system initialization 
continues and FAIL remains deasserted. 


HOLD 


1 


HOLD: A request from an external bus master to acquire the bus. When the 
processor receives HOLD and grants bus control to another master, it floats its 
three-state bus lines, then asserts HLDA and enters the Th state. When HOLD is 
deasserted, the processor deasserts HLDA and enters the Tj or Ta state. 


HLDA 



T.S. 


HOLD ACKNOWLEDGE: Notifies an external bus master that the processor has 
relinquished control of the bus. This signal is always driven. At reset It Is driven LOW. 


BLAST/FAIL 



T.S. 


BURST LAST indicates the last data cycle (Td) of a burst access. It is asserted low 
during the last Td and associated with T^ cycles in a burst access. 
INITIALIZATION FAILURE indicates that the processor has failed to Initialize 
correctly. The failure state is indicated by a combination of BLAST asserted and 
BE1 :0 not asserted. This condition occurs after RESET is deasserted and before the 
first bus transaction begins. FAIL is asserted while the processor performs a self- 
test. If the self-test completes successfully, f^AIL Is deasserted. The processor theh 
performs a zero checksum on the first eight words of memory. If it falls, FAIL is 
asserted for a second time and remains asserted; if it passes, system initialization 
continues and FAIL remains deasserted. 



I/O = Input/Output, O = Output, 1 = Input, O.D. = Open Drain, T.S. = Three-state 
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Table 5. 80960SB Pin Description; Support Signais 



Name 


Type 


Description 


RESET 


1 


RESET: Clears the processor's internal logic and causes it to reiriltialize. 
During RESET assertion, the Input pins are ignored (except for INTO, INT1, INT3, 
LOCK), the three-state output pins are placed in a HIGH impedance state (except for 
DT/R, DEN, and A§) and other output pins are placed In their non-asserted states. 
RESET must be asserted for at least 41 CLK2 cycles for a predictable reset. 
Optionally, for a synchronous reset, the LOW and HIGH transition of RESET should 
occur after the rising edge of both CLK2 and the external bus CLK and before the next 
rising edge of CLK2. 

The interrupt pins indicate the initialization sequence executed. Typical initialization 
requires driving only INTO and INT3 to a HIGH state. The reset conditions follow: 
INTO INT1 INT3 LOCK Action Taken 


1 X 1 1 Run-self-test (core initialization) 

1 1 Disable self-test 

1 X X Reserved 

X X X Reserved 

X X X ONCE mode (see LOCK pin) 


INTO 


1 


INTERRUPT 0: Indicates a pending interrupt. To signal an interrupt in a synchronous 
system, this pin— as well as the other interrupt pins— must be enabled by being 
deasserted for at least one bus cycle and then asserted for at least one additional bus 
cycle. In an asynchronous system the pin must remain deasserted for at least two 
system clock cycles and then asserted for at least two more system clock cycles. The 
interrupt control register must be programmed with an interrupt vector before using 
this pin. 


INTO is sampled during RESET to determine if the self-test sequence is to be 
executed. 


INT1 


1 


INTERRUPT 1: Like INTO, provides direct Interrupt signaling. INT1 is sampled during 
reset to determine if the self-test sequence is to be executed. 


INT2/INTR 


1 


INTERRUPT2/INTERRUPT REQUEST: The interrupt control register determines how 
this pin is interpreted. If INT2, it has the same interpretation as the INTO and INT1 
pins. If INTR, it Is used to receive an interrupt request from an external Interrupt 
controller. 


INT3/INTA 


I/O 
T.S. 


INTERRUPTS/INTERRUPT ACKNOWLEDGE: The interrupt control register 
determines how this pin is interpreted. If INT3, it has the sanrle interpretation as the 
INTO and INT1 pins. If INTA, it is used as an output to control Interrupt-acknowledge 
transactions. The INTA output Is latched on-chip and remains valid during Td cycles; 
as an output, it is open drain. INT3 must be pulled HIGH during reset. 


NC 


N/A 


NOT CONNECTED: Indicates pins should not be connected. Never connect any pin 
marked NC; these pins may be reserved for factory use. 




I/O = Input/Output, O = Output, I = Input, O.D. = Open Drain, T.S. = Three-state 
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2.0 ELECTRICAL SPECIFICATIONS 



2. 1 Pow^r and Grounding 

The 80960SB is implemented in CHMQS IV technol- 
ogy ^nd therefore has modest power requirements. 
Its high clock frequency and numerous output buff- 
ers (address/data, control, error and arbitration sig- 
nals) can cause power surges as multiple output 
buffers simultaneously drive new signal levels. For 
clean on-chip power distribution, Vcc and Vss pins 
separately feed the device's functional units. Power 
and ground connections must be made to all 
80960SB power and ground pins. On the circuit 
board, all Vcc P'^s must be strapped closely togeth- 
er, preferably on a power plane; all Vss Pins should 
be strapped together, preferably on a ground plane. 



2.2 Power Decoupling 
Recommendations 

Place a liberal amount of decoupling capacitance 
near the 80960SB. When driving the bus the proces- 
sor can cause transient power surges, particularly 
when connected to a large capacitive load. 

Low inductance capacitors and interconnects are 
recommended for best high frequency electrical per- 
formance. Inductance is reduced by shortening 
board traces between the processor and decoupling 
capacitors as much as possible. 



Do not connect external logic to pins marked NC. 



OPEN-DRAIN 
OUTPUT 



272207-4 



Figure 5. Connecti on Rec ommendation 
for LOCK 



2.4 Cliaracteristic Curves 

Figure 6 shows typical supply current requirements 
over the operating temperature range of the proces- 
sor at supply voltage (Vcc) oi 5V. Figure 7 shows 
the typical power supply current (Ice) that the 
80960SB requires at various operating frequencies 
when measured at three input voltage (Vcc) levels. 

For a given outjsut current (Iql) the curve in Figure 8 
shows the worst case output low voltage (Vql). Fig- 
ure 9 shows the typical capacitive derating curve for 
the 80960SB measured from 1.5V on the system 
clock (CLK) to 0.8V on the falling edge and 2.0V on 
the rising edge of the bus address/data (AD) 



2.3 Connection Recommendations 

For reliable operation, always connect unused in- 
puts to an appropriate signal level. In particular, if 
one or more interrupt lines are not used, they should 
be pulled up. No inputs should ever be left floating. 



The LOCK open drain pin requires a pullup resistor 
whether or not the pin is used as an output. Figure 5 
shows the recommended resistor value. 
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Figure 6. Typical Suppiy Current vs Case Temperature 
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Figure 7. Typicai Current vs Frequency (Room Temp) 



1-53 



80960SB 



iny 





TEMP = +85°( 


1— 
z 

^ 

3 
O 

>- 

. 3 
</) 

—1 
< 
O 

qI 

>- 






5 

272207-8 




300 
250 
200 
150 
100 
50 



( 














■ @4.5V 
n @5.0V 
♦ @5.5V 






/ 


r 

p 










i 


^ 


/■ 








I 












r 






























) 5 10 15 20 2 
OPERATING FREQUENCY (MHz) 



Figure 8. Typical Current vs Frequency (Hot Temp) 
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Figure 9. Capacitive Derating Curve 
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2.5 Test Load Circuit 

Figure 1 illustrates the load circuit used to test the 
80960SB's output pins. 



THREE-STATE OUTPUT 
O- 



1 



Cl = 50 pF for all signals 



272207-10 



Figure 10. Test Load Circuit 
for Three-State Output Pins 
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2.6 ABSOLUTE MAXIMUM RATINGS' 

Operating Temperature (PLCC) OX to + 85°C Case 
Operating Temperature (QFP) .0°C to + 100°C Case 

Storage Temperature -65°C to + 1 50X 

Voltage on Any Pin (PLCC) . . . -0.5V to Vcc + 0.5V 
Voltage on Any Pin (QFP) . . -0.25V to Vcc + 0.25V 
Power Dissipation 1 .9W (16 MHz) 



NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 



* WARNING: Stressing the device beyond tlie "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex- 
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 



2.7 DC Characteristics 

80960SB(10MHzQFP) 
80960SB (10 and 16 MHz PLCC) 



TcASE = 0°C to +100°C, Vcc = 5V ±5% 
TcASE = O^C to +85°C, Vcc = 5V ±10% 

Table 6. DC Characteristics 



Symboi 


Parameter 


l\1in 


i\/lax 


Units 


Notes 


V|L 


Input Low Voltage 


-0.3 


+ 0.8 


V 




V|H 


Input High Voltage 


2.0 


Vcc +0.3 


V 




VCL . 


CLK2 Input Low Voltage 


-0.3 


+ 0.8 


V 




VCH 


CLK2 Input High Voltage 


0.7 Vcc 


Vcc +0.3 


V 




Vol 


Output Low Voltage 




0.45 
0.45 


V 
V 


lOL = 4.0 mA 

lOL = 6 mA, LOCK Pin 


VOH 


Output High Voltage 


2.4 




V 


AIITS, -2.5mA(i) 


Ice 


Power Supply Current: 
lOMHz-QFP 
lOMHz-PLCC 
16MHZ-PLCC 




280 
280 
350 


mA 
mA 
mA 


TcASE = O^C 
TcASE = OX 
TcASE = 0°C 


iLI1 


Input Leakage Current, 
Except INTO. LOCK 




±15 


^.A 


^ V|N ^ Vcc 


•lI2 


Input Leakage Current, 
INTO. LOCK 




-300 


^lA 


V|N = 0.45V(2) 


Ilo 


Output Leakage Current 




+ 15 


j^A 




Qn 


Input CapaOitance 




10 


PF 


fc = 1 MHz(3) 


Co 


Output Capacitance 




12 


PF 


fc = 1 MHz(3) 


Cclk 


Clock Capacitance 




10 


pF 


fc = 1 MHz(3) 



NOTES: 

1 . Not m eas ured fo r open-drain output. 

2. INTO and LOCK have internal pullup devices. 

3. Input, output and clock capacitance are not tested. 
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2.8 AC Specifications 



testing should be done with input voltages of 0.4V 
and 2.4V, except for the clock (CLK2) which should 
This section describes the AC specifications for the be tested with input voltages of 0.45V and 0.7 x Vcc- 
80960SB pins. All Input and output tirrilngs are spec- See Figure 1 1 and Tables 7 and 8 for timing relation- 
Ified relative to the 1.5V level of the rising edge of ships for the 80960SB signals. 
CLK2 and refer to the time at which the signal cross- 
es 1.5V (for output delay and Input setup). All AC 



EDGE 



OUTPUTS: 

AD15;1, A3:1, D0 
A3 1 : 16,BE1:0 
W/R, DEN, BLAST 
HLDA, LOCK, INTA 



DT/R 



INPUTS: 
AD15 : 1 , DO 
INT0,INT1 
INT2,INT3 



HOLD 
LOCK 
READY 
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Figure 11. Drive Leveis and Timing Reiationships for 80960SB Signals 
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2.8.1 AC SPECIFICATION TABLES 

Table 7. 80980SB AC Characteristics (10 MHz) 



Symbol 


Parameter 


Min 


Max 


Units 


Notes 


Input Clock 


Ti 


Processor Clock 
Period (CLK2) 


50 


125 


ns 


V,N = 1.5V 


T2 


Processor Clock 
Low Time (CLK2) 


8 




ns 


Vt= 10% Point 

= Vcl + (Vch-Vcl)x0.i 


T3 


Processor Clock 
High Time (CLK2) 


8 




ns 


Vt = 90% Point 

= Vcl + (Vch-Vcl)x0.9 


T4 


Processor Clock 
Fall Time (CLK2) 




10 


ns 


Vt = 90% to 10% Point (1) 


Ts 


Processor Clock 
Rise Time (CLK2) 




10 


ns 


Vt= 10% to 90% Point (1) 


Synchronous Outputs 


Te 


Output Valid Delay 


2 


31 


ns 




TeAS 


AS Output Valid Delay 


2 


25 


ns 




Ty 


ALE Width 


T1-II 




ns 




Te 


ALE Output Valid Delay 


4 


33 


ns 




Tg 


Output Float Delay 


2 


20 


ns 


(2) 


Synchronous Inputs 


Tio 


Input Setup 1 


10 




ns 




Tii 


Input Hold 


2 




ns 




T12 


Input Setup 2 


13 




ns 




Ti3 


Setup to ALE Inactive 


10 




ns 




T14 


Hold After ALE Inactive 


8 




ns 




Ti5 




3 


,~. 


ns 


(3) 


RESET Hold 


Ti6 


RESET Setup 


5 




ns 


(3) 


T17 


RESET Width 


2050 




ns 


41 CLK2 Periods Minimum 



NOTES: 

1 . Processor clock (CLK2) rise time and fall time are not tested. 

2. A float condition occurs when the maximum output current becomes less than Ilq. Float delay is not tested, but should be 
no longe r than th e valid delay. 

3. Meeting RESET setup and hold times is an optional method of synchronizing your clocks. If you decide to use an asyn- 
chronous reset, synchronizing the clock can be accomplished by using a5. 
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Table 8. 80960SB AC Characteristics (16 MHz) 



Symbol 


Parameter 


MIn 


Max 


Units 


Notes 


Input Clock 


Ti 


Processor Clock 
Period (CLK2) 


31.25 


125 


ns 


V,N=1.5V 


T2 


Processor Clock 
Low Time (CLK2) 


8 




ns 


Vj = 10% Point 

= Vcl + (Vch-Vcl)x0.1 


T3 


Processor Clock 
High Time (CLK2) 


8 




ns 


Vt = 90% Point 

= Vcl + (Vch-Vcl)xo.9 


T4 


Processor Clock 
Fall Time (CLK2) 




10 


ns 


Vt = 90% to 10% Point (1) 


T5 


Processor Clock 
Rise Time (CLK2) 




10 


ns 


Vt = 10% to 90% Point (1) 


Synchronous Outputs 


Te 


Output Valid Delay 


2 


25 


ns 




TsAS 


AS Output Valid Delay 


2 


21 


ns 




T7 


ALE Width 


T1-II 




ns 




T9 


ALE Output Valid Delay 


2 


22 


ns 




T9 


Output Float Delay 


2 


20 


ns 


(2) 


Synchronous Inputs 


T10 


Input Setup 1 


10 




ns 




T11 


Input Hold 


2 




ns 




T12 


Input Setup 2 


13 




ns 




Ti3 


Setup to ALE Inactive 


10 




ns 




T14 


Hold After ALE Inactive 


8 




ns 




T15 




3 




ns 


(3) 


RESET Hold 


T16 


RESET Setup 


5 




ns 


(3) 


Ti7 




1281 




ns 


41 CLK2 Periods Minimum 


RESET Width 




NOTES: 

1 . Processor clock (CLK2) rise time and fall time are not tested. 

2. A float condition occurs when the maximum output current becomes less than Ilq. Float delay is not tested, but should be 
no longe r than th e valid delay. 

3. Meeting RESET setup and hold times is an optional method of synchronizing your clocks. If you decide to use an asyn- 
chronous reset, synchronizing the clock can be accomplished by using AS. 
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HIGH LEVEL (MIN)0.7Vcc 



LOW LEVEL (MAX) 0.8V 




272207-13 



Figure 12. Processor Qlock Pulse (CLK2) 



A B C D A B C 



CLK2 



[ ^UA/^/\J^\/^-fAJ\/\/\/v 




NOTE: Initialization parameters must be set up at least four CLK2 periods before the first CLK2 "A" edge. 
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Figure 13. RESET Signai Timing 




Figure 14. HOLD Timing 
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3.0 MECHANICAL DATA 

3.1 Packaging 

The 80960SB is available in two package types: 

• 80-lead quad flat pack (EIAJ QFP). Shown in Fig- 
ure 15. 

• 84-lead plastic leaded chip carrier (PLCC). 
Shown in Figure 16. 

Dimensions for both package types are given in the 
Intel Packaging handbook (Order #240800). 



3.2 Pin Assignment 

The QFP and PLCC have different pin assignments. 
The QFP pins are numbered in order from 1 to 80 
around the package perimeter. The PLCC pins are 
numbered in order from 1 to 84 around the package 
perimeter. Table 9 and Table 10 list the function of 
each QFP pin; Table 1 1 and Table 1 2 list the func- 
tion of each PLCC pin. 

Vcc and GND connections must be made to multi- 
ple Vcc and GND pins. Each Vcc and GND pin must 
be connected to the appropriate voltage or ground 
and externally strapped close to the package, it is 
recommended that you include separate power and 
ground planes in your circuit board for power distri- 
bution. 




Pins identified as NC (No Connect) should never be 
connected. 







|55 ^ 
\ 1 


to O CO 

1 1 1 


JL 


^ It; 
8 ^ 

_J CD 
1 1 


< a: 

z z 

'^|z 1^ 3 . o^ > ^ ^ o S S <. o,o 

S N ^ § >^ >" ^ ^ ^ E E ^ d >^ >" 1^ 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 








64 63 


62 61 60 


59 


58 57 


56 55 54 53 52 51 50 49 48 47 46 45 44 43 42 41 




Vss 




65 








40 


- 


BE? 


ALE 




66 
67 








39 
38 


__ 


NC 
A1 


READY 


A31 




68 






, 


37 


- 


Vss 


A30 




69 








36 


- 


Vcc 


A29 
A28 




70 

71 






■ 


S80960SB-16 3^ 


_ 


A2 
A3 


Vss 
Vcc 




72 
73 






1 


xxxxxxxx ^^ 

32 


— 


Vcc 
Vss 


A27 




74 






1 


XXXXXX 31 


- 


DO 


A26 




75 






1 


XXXXXX 30 


- 


AD1 


A25 




76 








29 


- 


AD2 


Vcc 




77 








28 


- 


AD3 


Vss 




78 








27 


- 


AD4 


A24 




79 








26 


- 


AD5 


A23 




80 # 








25 


- 


AD6 






1 2 


3 4 5 


6 


7 8 


9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 








1 1 

< < 


A20 - 
A19 - 
A18 - 


T" 

< 


1 1 

< > 


1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

ooiT)-* ocorocs'^ocnoor^ ocooto 
(/) ^ ^ J-> J^ -^ ^ "^ -^ Q Q Q o J^ <-> i^ 

>QQ>>QQQCi<<<>>>> 

< < < < < < 














272207-16 



Figure 15. 80-Lead EIAJ Quad Flat Pack (QFP) Package 
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Figure 16. 84-Lead Plastic Leaded Chip Carrier (PLCC) Paclcage 
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3.3 Pinout 



Table 9. 80960SB QFP Pinout— In Pin Order 



Pin 


Signal 


Pin 


Signal 


Pin 


Signal 


Pin 


Signal 


1 


A22 


21 


Vcc 


41 


BEO 


61 


Vcc 


2 


A21 


22 


Vss 


42 


Vcc 


62 


Vss 


3 


A20 


23 


Vcc 


43 


Vss 


63 


NC 


4 


A19 


24 


Vss 


44 


CLK2 


64 


Ag 


5 


A18 


25 


AD6 


45 


RE^ET 


65 


Vss 


6 


A17 


26 


AD5 


46 


INTO 


66 


ALE 


7 


A16 


27 


AD4 


47 


INT1 


67 


READY 


8 


Vcc 


28 


ADS 


48 


INT2/INTR 


68 


A31 


9 


Vss 


29 


AD2 


49 


INT3/INTA 


69 


A30 


10 


AD15 


30 


AD1 


50 


HLDA 


70 


A29 


11 


AD14 


31 


DO 


51 


Vcc 


71 


A28 


12 


Vcc 


32 


Vss 


52 


Vss 


72 


Vss 


13 


Vss 


33 


Vcc 


53 


HOLD 


73 


Vcc 


14 


AD13 


34 


A3 


54 


W/R 


74 


A27 


15 


AD12 


35 


A2 


55 


DEN 


75 


A26 


16 


AD11 


36 


Vcc 


56 


DT/R 


76 


A25 


17 


AD10 


37 


Vss 


57 




77 


Vcc 


BLAST 


18 


AD9 


38 


A1 


58 




78 


Vss 


LOCK 


19 


ADS 


39 


NC 


59 


Vcc 


79 


A24 


20 


AD7 


40 


BE1 


60 


Vss 


80 


A23 




NOTE: 

Do not connect any external logic to any pins marked NC 
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Table 10. 80960SB QFP Pinout— In Signal Order 



inlel 



Signal 


Pin 


Signal 


Pin 


Signal 


Pin 


Signal 


Pin 


A1 


38 


A18 


5 


DO 


31 


Vcc 


51 


A2 


35 


A19 


4 


DEN 


55 


Vcc 


59 


A3 


34 


A20 


3 


DT/R 


56 


Vcc 


61 


AD1 


30 


A21 


2 


_ HLDA 


50 


Vcc 


73 


, AD2 


29 


kZ2 


1 


HOLD 


53 


Vcc 


77 


AD3 


28 


A23 


80 


INTO 


46 


Vcc 


8 


AD4 


27 


A24 


79 


INT1 


47 


Vss 


13 


ADS 


26 


A25 


76 


INT2/INtR 


48 


Vss 


22 


AD6 


25 


A26 


75 


INT3/INTA 


49 


Vss , 


24 


AD7 


20 


A27 


74 




58 


Vss 


32 


LOCK 


AD8 


19 


A28 


71 


NC 


39 


Vss 


37 


AD9 


18 


A29 


70 


NO 


63 


Vss 


43 


AD10 


17 


A30 


69 




67 


Vss 


52 


READY 


AD11 


16 


A31 


68 




45 


Vss 


60 


RESET 


AD12 


15 


ALE 


66 


Vcc 


12 


Vss 


62 


AD13 


14 


Ag 


64 


Vcc 


21 


Vss 


72 


AD14 


11 


BEO 


41 


Vcc 


23 


Vss 


78 


AD15 


10 


BE1 


40 


Vcc 


33 


Vss 


9 


A16 


7 




57 


Vcc 


36 


Vss 


65 


BLAST 


A17 


6 


CLK2 


44 


Vcc 


42 


W/R 


54 



NOTE: 

Do not connect any external logic to any pins marked NC. 
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Tabie 11. 80960SB PLCC Pinout— In Pin Order 






Pin 


Signal 


Pin 


Signal 


Pin 


Signal 


Pin 


Signal 


1 


Vcc 


22 


Vss 


43 


Vss 


64 


HOLD 


2 


NC 


23 


NC 


44 


VbC 


65 


NC 


3 


A27 


24 


AD13 


45 


A3 


66 


W/R 


4 


A26 


25 


AD12 


46 


A2 


67 


DEN 


5 


A25 


26 


AD11 


47 


Vcc 


68 


DT/R 


6 


Vcc 


27 


AD10 


48 


Vss 


69 




BLAST 


7 


Vss 


28 


AD9 


49 


A1 


70 




LOCK 


8 


A24 


29 


ADS 


50 


NC 


71 


Vcc 


9 


A23 


30 


AD7 


51 


BE1 - 


72 


Vss 


10 


A22 


31 


Vcc . 


52 


BEO 


73 


Vcc 


11 


A21 


32 


Vss 


53 


Vcc 


74 


Vss 


12 


A20 


33 


Vcc 


54 


Vss 


75 


NC 


13 


A19 


s 34 


Vss 


55 


CLK2 


76 


AS 


14 


A18 


35 


AD6 


56 




77 


Vss 


RESET 


15 


A17 


36 


AD5 


57 


INTO 


78 


ALE 


16 


A16 


37 


AD4 


58 


INT1 


79 




READY 


17 


Vcc 


38 


AD3 


59 


INT2/INTR 


80 


A31 


18 


Vss 


39 


D2 


60 


INT3/INTA 


81 


A30 


19 


AD15 


40 


D1 


61 


HLDA 


82 


A29 


20 


AD14 


41 


DO 


62 


Vcc 


83 


A28 


21 


Vcc 


42 


NC 


63 


Vss 


84 


Vss 




NOTE: 

Do not connect any external logic to any pins marked NC. 
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Table 12. 80960SB PLCC Pinout--ln Signal Order 



Signal 


Pin 


Signal 


Pin 


Signal 


Pin 


Signal 


Pin 


A1 


49 


A18 


14 


DT/R 


68 


Vcc 


44 


A2 


46 


A19 


13 


HLDA ' 


61 


Vcc 


.47 


A3 


45 


A20 


12 


HOLD 


64 


Vcc 


53 


DO 


41 


A21 


11 


INTO 


67 


Vcc 


6 


AD1 


40 


A22 


10 


INT1 


58 


Vcc 


62 


AD2 


39 


A23 


9 


INT2/INTR 


59 


Vcc 


71 


AD3 


38 


A24 


8 


INT3/INTA 


60 


Vcc 


73 


AD4 


37 


A25 


5 




70 


Vss 


18 


LOCK 


ADS 


36 


A26 


4 


NC 


2 


Vss 


22 


AD6 


35 


A27 


3 


NO 


23 


Vss 


32 


AD7 


30 


A28 


83 


NC 


42 


Vss 


34 


ADS 


29 


A29 


82 


NC 


50 


Vss 


43 


AD9 


28 


A30 


81 


NC 


65 


Vss 


48 


AD10 


27 


A31 


80 


NC 


75 


Vss 


54 


AD11 


26 


ALE 


78 




79 


Vss 


63 


READY 


AD12 


25 


AS 


76 




56 


Vss 


7 


RESET 


AD13 


24 


BEO 


52 


Vcc 


1 


Vss 


72 


AD14 


20 


BE1 


51 


Vcc 


17 


Vss 


74 


AD15 


19 




69 


Vcc 


21 


Vss 


77 


BLAST 


AD16 


16 


CLK2 


55 


Vcc 


31 


Vss 


84 


A17 


15 


DEN 


67 


Vcc 


33 


W/R 


66 



NOTE: 

Do not connect any external logic to any pins marked NC. 
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3.4 Package Thermal Specification 

The 80960SB is specified for operation when case 
temperature is within the range 0**C to +85*'C 
(PLCC) or OX to +100X (QFP). Measure case 
temperature at the top center of the pacl<age. Ambi- 
ent temperature can be calculated from: 

Tj = Tc + P*^jc 
Ta = Tj - P*ejA 
Tc = Ta + PM^jA-^Jcl 



Compute P by multiplying the maximum voltage by 
the typical current at maximum temperature. Values 
for 0JA and Ojc ^or various airflows are given in Ta- 
ble 13 for the QFP package and in Table 14 for the 
PLCC package. Ice at maximum temperature is typi- 
cally 80 percent of specified Ice maximum (cold). 



Table 13. 80960SB QFP Package Thermal Characteristics 



Thermal Resistance— X/Watt 


Parameter 


Airflow— ft./mln (m/sec) 





50 


100 


200 


400 


600 


800 


e Junction-to-Amblent (Case 
measured in the middle of the 
top of the package) 
(No heatsink) 


54 


52 


49 


45 


39 


35 


33 


Junction-to-Case 


11 


11 


11 


11 


11 


11 


11 




NOTE: 

This table applies to 80960SB QFP soldered directly to board. 

Table 14. 80960SB PLCC Package Thermal Characteristics 



Thermal Resistance— X/Watt 


Parameter 


Airflow— ft./mln (m/sec) 





50 


100 


200 


400 


600 


800 


1000 


e Junction-to-Amblent 
(No heatsink) 


33 


31 


28.5 


27 


24 


22 


20 


19.5 


d Junction-to-Case 


11 


11 


11 


11 


11 


11 


11 


11 



NOTE: 

This table applies to 80960SB PLCC soldered directly to board. 
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4.0 WAVEFORMS 



intgl 



Figures 17, 18, 19, 20, and 21 show waveforms for various 
shows a cold reset functional waveform. 


transactions on the 80960SB's bus. Figure 22 
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Figure 17. Non-Burst Read and Write Transactions Without Wait States 
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Figure 18. Quad Word Burst Read Transaction with 1, 0, 0, 0, 0, 0, 0, Wait States 
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Figure 19. Burst Write Transaction with 2, 1, 1, 1 Wait States (6-8 Bytes Transferred) 
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Figure 20. Accesses Generated by Quad Word Read Bus Request, 
Misaligned One Byte from Quad Word Boundary (1, 0, 0, 0, 0, 0, 0, 0) Wait States 
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Figure 21. Interrupt Acknowledge Cycle 
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5.0 REVISION HISTORY 

This data sheet supersedes data sheet 272207-001. The sections significantly changed since the previous 
revision are: 



Section 


Last 
Rev. 


Description 


2.3 Connection Recommendations (pg.1 1) 


-001 


Remove two LOCK pin Connection Recommendation 
figures and added FIrgure 5 to reflect the new LOCK 
pin connection recommodation of a single 91,011 pullup 
resistor. 


2.5 Test Load Circuit (pg. 1 3) 


-001 


Obsolute figure (Test Load Curcult for Open-Drain 
output Pins) removed to relf lect current test 
conditions. 


2.7 DC Characteristics (pg. 14) 


-001 


Iql value improved. 

WAS: 2.5 mA IS: 4.0 mA 
LOCK pin Iql value at 0.45V relaxed. 

WAS: 12 mA IS: 6 mA 
LOCK pin Iql value at 0.60V deleted. 



This data sheet supersedes data sheet 270917-004, which applied to both the 80960SA and the 80960SB. 
The 80960SA is now documented in 272206-002. 

The sections significantly changed since the previous revision are: 



Section 


Last 
Rev. 


Description 


2.3 Connection Recommendations (pg. 1 5) 


-004 


Deleted corresponding graph of Open Drain 
Voltage vs. Output Current. 


Figure 7. TypicatI Supply Current vs. Case 
Temperature (pg. 16), Figure 8. Typical Current vs. 
Frequency (Room Temp) (pg. 16) and Figure 9. 
Typical Current vs. Frequency (Hot Temp) (pg. 1 7) 


-004 


Regraphed data in three graphs instead of 
two. 


Table 6. DC Characteristics (pg. 19) 


-004 


Input Leakage Current (Ili2) specification 
added to accurately describe leakage of INTO 
and LOCK as inputs. 


Table 7. 80960SB AC Characteristics (10 MHz) 
(pg. 21) and Table 8. 80960SB AC Characteristics 
(16 MHz) (pg. 22) 


-004 


T7 minimum specification improved: 
Power Supply Current: Was: Is: 
10 MHz 24nsTi-11ns 
16 MHz 15nsTi-11ns 
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The sections significantly changed between revisions -003 and -004 of the 80960SA/SB data sheet were: 



Section 


La«it 
Rev. 


Description 


DC Characteristics (pg. 15). 


-003 


Operating temperature for PLCC package changed: 
Was: TcASE = OX to + 1 00**C 
Is: TcASE = 0Xto+85**C 

The test program has not changed. 


Table 7. QFP Package, Thermal 
Resistance— **C/Watt (pg. 21) 


-003 


Corrected QFP Package Thermal Resistance vajlues: 
for ^jA at ft/min airflow: for ^jc at tt/min airflow: 
Was: 45.7VW Was: 4VW 
Is: 54VW Is: IIVW 


Table 8. PLCC Package, Thermal 
Resistance— ''C/Watt (pg. 22) 


-003 


Corrected PLCC Package Thermal Resistance values: 

for^jA: 

at 50 ft/min airflow at 1 00 ft/min airflow 
Was: NA Was: NA 
Is: 31 Is: 28.5 

for^jc: 

at ft/min airflow at 50 ft- 1 000 ft/min airflow 
Was: 13 Was: NA 
Is: 11 Is: 11 


Table 9. 8096SA and 80960SB 
QFP Pinout — In Pin Order (pg. 23) 


-003 


Signal A1 2 incorrectly shown as Pin 28; is now correctly 
shown as Pin 38. Note added to clarify No Connect Pins. 
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id60 KA/KB PROCESSOR 
PRODUCT OVERVIEW 



INTRODUCTION 

This chapter provides an overview of the Intel i960 KB 
processor (which is part of the i960 K series of embed- 
ded-processor products). 

All of the processors in the i960 K series of products 
are based on the Intel i960 architecture. Most of the 
information in this overview also applies to the i960 
KA processor. The only difference between the i960 
KB and i960 KA processors is that the i960 KA proc- 
essor does not provide on-chip support for floating- 
point operations or operations on decimal numbers. 



OVERVIEW OF THE i960 KB 
ARCHITECTURE 

The i960 KB processor introduced the i960 architec- 
ture — a new 32-bit architecture from Intel. This archi- 
tecture has been designed to meet the needs of embed- 
ded applications such as machine control, robotics, 
process control, avionics and instrumentation. 

The i960 architecture can best be characterized as a 
high-performance computing engine. It features high- 
speed instruction execution and ease of programming. 
It is also easily extensible, allowing processors and con- 
trollers based on this architecture to be conveniently 
customized to meet the needs of specific processing and 
control apphcations. 

The following are some of the important attributes of 
the i960 architecture: 

• full 32-bit registers 

• high-speed, pipelined instruction execution 

• a convenient program execution environment with 
32 general-purpose registers and a versatile set of 
special-function registers 

• a highly optimized procedure call mechanism that 
features on-chip caching of local variables and pa- 
rameters 

• extensive facilities for handling interrupts and faults 

• extensive tracing facilities to support efficient pro- 
gram debugging and monitoring 

• register scoreboarding and write buffering to permit 
efficient operation when used with lower perform- 
ance memory subsystems 



OVERVIEW OF THE SINGLE 
PROCESSOR SYSTEM 
ARCHITECTURE 

The central processing module, memory module and 
I/O module form the natural boundaries for the hard- 
ware system architecture. The modules are connected 
together by the high bandwidth 32-bit multiplexed 
L-bus, which can transfer data at a maximum sustained 
rate of 53 Mbytes per second for an i960 processor op- 
erating at 20 MHz. 

Figure 1 shows a simplified block diagram of one possi- 
ble system configuration. The heart of this system is the 
i960 KB processor, which fetches instructions, executes 
code, manipulates stored information and interacts 
with I/O devices. The high bandwidth L-bus connects 
the i960 KB processor to memory and I/O modules. 
The i960 KB processor stores system data, instructions 
and programs in the memory module. By accessing var- 
ious peripheral devices in the I/O module, the i960 KB 
processor supports communication to terminals, mo- 
dems, printers, disks and other I/O devices. 



i960 KB Processor and the L-Bus 

The i960 KB processor performs bus operations using 
multiplexed address and data signals, and provides all 
the necessary control signals. For example standard 
control signals, such as Add ress Latch Enable (ALE), 
Address/Data Status (ADS), Write/Read Command 
(W/ R), Da ta Transmit/Receive (DT/R) and Data En- 
able (DEN), are provided by the i960 KB processor. 
The i960 processor also generates byte enable signals 
that specify which bytes on the 32-bit data lines are 
valid for the transfer. 

The L-bus supports burst transactions, which access up 
to four data words at a maximum rate of one word per 
clock cycle. The i960 KB processor uses the two low- 
order address lines to indicate how many words are to 
be transferred. The i960 KB processor performs burst 
transactions to load the on-chip 512-byte instruction 
cache to minimize memory accesses for instruction 
fetches. Burst transactions can also be used for data 
access. i 

To transfer control of the bus to an external bus master, 
the i960 KB provides two arbitration signals: hold re- 
quest (HOLD) and hold acknowledge (HLDA). After 
receiving HOLD, the processor grants control of the 
bus to an external master by asserting HLDA. 
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Figure 1. Basic i960 KB System Configuration 



The i960 KB processor provides a flexible interrupt 
structure by using an on-chip interrupt controller, an 
external interrupt controller or both. The type of inter- 
rupt structure is specified by an internal interrupt vec- 
tor register. For a system with multiple processors, 
another method is available, called inter-agent commu- 
nication (lAC) where a processor can interrupt another 
processor by sending an lAC message. 



Memory Module 

A memory module can consist of a memory controller, 
Erasable Programmable Read Only Memory 
(EPROM), and static or dynamic Random Access 
Memory (RMA). The memory controller first condi- 
tions the L-bus signals for memory operation. It demul- 
tiplexes the address and data lines, generates the chip 
select signals from the address, detects the start of the 
cycle for burst mode operation and latches the byte 
enable signals. 

The memory controller generates the control signals for 
EPROM, SRAM and DRAM. Specifically, it provides 
the control signals, multiplexed row/column address 
and refresh control for dynamic RAMs. The controller 



can be designed to accommodate the burst transaction 
of the i960 KB processor by using the static column 
mode or nibble mode features of the dynamic RAM. In 
addition to supplying the operational signals, the con- 
troller generates the READY signal to indicate that 
data can be transferred to or from the i960 KB proces- 
sor. 

The i960 KB processor directly addresses up to 
4 Gbytes of physical memory. The processor does not 
allow burst accesses to cross a 16-byte boundary, to 
ease the design of the controller. Each address specifies 
a four-byte data word within the block. Individual data 
bytes Can be accessed by using the four byte-enable sig- 
nals from the i960 KB processor. Chapter 5 provides 
design guidelines for the memory controller. 



I/O Module 

The I/O module consists of the I/O components and 
the interface circuit. I/O components can be used to 
allow the i960 KB processor to use most of its clock 
cycles for computational and system management ac- 
tivities. Time consuming tasks can be off-loaded to spe- 
cialized slave-type components, such as the 8259A Pro- 
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grammable Interrupt Controller or the 82530 Serial 
Communication Controller. Some tasks may requiire a 
master- type component, such as the 82586 Local Area 
Network Control. 

The interface circuit performs several functions. It de- 
multiplexes the address and data lines, generates the 
chip select signals from the address, produces the I/O 
read or I/O write command from the processor's W/R 
signal, latches the byte enable signals and generates the 
READY signals. Since some of these functions are 
identical to those of the memory controller, the same 
logic can be used for both interfaces. For master-type 
peripherals that operate on a 16-bit data bus, the inter- 
face circuit translates the 32-bit data bus to a 16-bit 
data bus. 

The i960 KB processor uses memory-mapped addresses 
to access I/O devices. This allows the CPU to use many 
of the same instuctions to exchange information for 
both memory and peripheral devices. Thus, the power- 
ful memory-type instructions can be used to perform 8-, 
16- and 32-bit data transfers. 



HIGH PERFORMANCE PROGRAM 
EXECUTION 

Much of the design of the i960 architecture has been 
aimed at maximizing the processor's computational 
and data processing speed through the use of increased 
parallelism. The following paragraphs describe several 
of the mechanisms and techniques used to accomphsh 
this goal. 



Load and Store Model 

One of the more important features of the i960 archi- 
tecture is its performance of most operations on oper- 
ands in registers, rather than in memory. For example, 
all arithmetic, logic, comparison, branching and bit op- 
erations are performed with registers and literals. 

This feature provides two benefits. First, it increases 
program execution speed by minimizing the number of 
memory accesses necessary to execute a program. Sec- 
ond, it reduces the memory latency encountered when 
using slower, lower-cost memory parts. 

To support this concept, the architecture provides a 
generous supply of general-purpose registers. For each 
procedure, 32 registers are available, 28 of which are 
available for general use. These registers are divided 
into two types: global and local. Both types of registers 
can be used for general storage of pperands. The only 
difference is that global registers retain their contents 
across procedure boundaries, whereas the processor al- 
locates a new set of local registers each time a new 
procedure is called. 



The architecture also provides a set of fast, versatile 
load and store instructions. These instructions allow 
burst transfers of 1, 2, 4, 8, 12 or 16 bytes of informa- 
tion between memory and the registers. 



On-Chip Caching of Code and Data 

To further reduce memory accesses, the architecture 
offers two mechanisms for caching code and data on 
chip: an instruction cache and multiple sets of local 
registers. The instruction cache allows prefetching of 
blocks of instruction from memory. This helps ensure 
that the instruction execution pipeline is supplied with 
a steady stream of instructions. It also reduces the 
number of memory accesses required when performing 
iterative operations such as loops. The architecture al- 
lows the size of the instruction cache to vary. For the 
i960 KB processor, it is 512 bytes. 

To optimize the architecture's procedure call mehan- 
ism, the processor provides multiple sets of local regis- 
ters. This allows the processor to perform procedure 
calls without having to write the local registers out to 
the stack in memory. The number of register sets de- 
pends on the processor implementation. The i960 KB 
processor provides four sets of local registers. 



Overlapped Instruction Execution 

The i960 architecture also enchances program execu- 
tion speed by overlapping the execution of some in- 
structions. In the i960 K series of processors, this is 
accomplished through register scoreboarding. 

Register scoreboarding permits instruction execution to 
continue while data is being fetched from memory. 
When a load instruction is executed, the processor sets 
one or more scoreboard bits to indicate the target regis- 
ters to be loaded. After the target registers are loaded, 
the scoreboard bits are cleared. While the target regis- 
ters are being loaded, the processor is allowed to exe- 
cute other instructions that do not use these registers. 

The processor uses the scoreboard bits to ensure that 
the target registers are not used until the load is com- 
plete. (Scoreboard bits are checked transparently from 
software.) This technique allo>ys code to be executed 
such that some instructions can be executed in zero 
clock cycles (that is, executed for free). 



Single-Clock Instructions 

The i960 architecture is designed to let a processor exe- 
cute commonly used instructions, such as moves, adds, 
subtracts, logical operations and branches, in a mini- 
mum number of clock cycles (preferably one cycle). 
The architecture supports this concept in several 
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ways. For example, the load and store model described 
earlier eliminates the clock cycles required to perform 
memory-to-memory operations, by concentrating on 
register-to-register operations. 

In addition, all of the instructions in the i960 architec- 
ture are 32 bits long and ahgned on 32-bit boundaries. 
This lets instructions be decoded in one clock cycle, 
and eUminates the need for an instruction-alignment 
stage in the pipeUne. 

The i960 KB processor takes full advantage of these 
features of the architecture, resulting in more than 50 
instructions that can be executed in a single clock cycle. 



Efficient Interrupt Model 

The i960 architecture provides an efficient mechanism 
for servicing interrupts from external sources. To han- 
dle interrupts, the processor maintains an interrupt ta- 
ble of 248 interrupt vectors, 240 of which are available 
for general use. When an interrupt is signaled, the proc- 
essor uses a pointer to the interrupt table to perform an 
implicit call to an interrupt handler procedure. In per- 
forming this call, the processor automatically saves the 
state of the processor prior to receiving the interrupt, 
performs the interrupt routine, then restores the state of 
the processor. A separate interrupt stack is also provid- 
ed to segregate interrupt handling from application 
programs. 

The interrupt handling facilities also allow interrupts to 
be evaluated by priority. The processor is then able to 
store interrupt vectors that are lower in priority than 
the current processor task in a pending interrupt sec- 
tion of the interrupt table. The processor checks and 
services the pending interrupts at defined times. 



registers for the procedure being returned to are re- 
stored. This means a program never has to explicitly 
save and restore those local variables that are stored in 
local registers. 



Versatile Instruction Set and 
Addressing 

The selection of instructions and addressing modes also 
simplifies programming. A full set of load, store, move, 
arithmetic, comparison and branch instructions are 
provided, with operations on both integer and ordinal 
data types. Operations on bits and bit strings are simpli- 
fied by a complete set of Boolean and bit-field instruc- 
tions. 

The addressing modes are efficient and straightforward, 
while at the same time providing the necessary indexing 
and scaling modes required to address complex arrays 
and record structures. The large 4-gigabyte address 
space provides ample room to store programs and data. 
The availability of 32 addressing lines allows some ad- 
dress lines to be memory-mapped to control hardware 
functions. 



Extensive Fault Handling Capability 

To aid in program development, the i960 architecture 
defines a wide range of faults that the processor detects, 
including, arithmetic, faults, invalid operations, invalid 
operands and machine faults. When a fault is detected, 
the processor makes an implicit call to a fault handler 
routine, in a waly similar to the interrupt mechanism 
described previously. The information collected for 
each fault allows program developers to quickly correct 
faulting code, and allows automatic recovery from 
some faults. 




SIMPLIFIED PROGRAMMING 
ENVIRONMENT 

Because of its streamlined execution environment, 
processors based on the i960 architecture are particu- 
larly easy to program. The following paragraphs de- 
scribe some of the architecture features that simplify 
programming. 



Debugging and lUlonltoring 

To support debugging systems, the i960 architecture 
provides a mechanism for monitoring processor activity 
by means of trace events. When the processor detects a 
trace event, it signals a trace fault and calls a fault han- 
dler. Intel provides several tools that use this feature, 
including an in-circuit emulator (ICE) device. 



Highly Efficient Procedure Call 
Mechanism 

The procedure call mechanism makes procedure calls 
and parameter passing between procedures simple and 
compact. Each time a call instruction is issued, the 
processor automatically saves the current set of local 
registers and allocates a new set for the called proce- 
dure. Likewise, on a return from a procedure, the cur- 
rent set of local registers is deallocated and the local 



SUPPORT FOR ARCHITECTURAL 
EXENSiONS 

The i960 architecture provides several features that en- 
able processors based on this architecture to be easily 
customized to meet the needs of specific embedded ap- 
plications, such as signal processing, array processing 
or graphics processing. 
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The most important of these features is the set of 32 
special function registers. These regisers provide a con- 
venient interface to circuitry in the processor or pins 
that can be connected to external hardware. They can 
be used to control timers, to perform operations on spe- 
cial data types or to perform I/O functions. The special 
function registers are similar to the global registers. 
They can be addressed by all of the register access in- 
structions. 



EXTENSIONS INCLUDED IN THE 
i960 K SERIES PROCESSORS 

The i960 K series of processors provides a complete 
implementation of the i960 architecture, plus several 
extensions to that architecture. These extensions fall 
into two categories: floating-point processing and inter- 
agent communication. 



On-Chip Floating Point 

The i960 KB processor provides a complete implemen- 
tation of the IEEE standard for binary floating-point 
arithmetic (IEEE 754-185). This implementation in- 
cludes a full set of floating-point operations, includ- 



ing add, subtract, multiply, divide, trigonometric func- 
tions and logarithmic functions. These operations are 
performed on single precision (32-bit), double precision 
(64-bit) and extended precision (80-bit) real numbers. 

One of the benefits of this implementation is that the 
floating-point handling facilities are integrated into the 
normal instruction execution environment. Single and 
double precision floating-point values are stored in the 
same registers as non-floating point values. Four 80-bit 
floating-point registers are provided to hold extended- 
precision values. 



Interagent Communication 

All of the processors in the i960 K series provide an 
inter-agent communication (lAC) mechanism, allowing 
agents connected to the processor's bus to communi- 
cate with one another. This mechanism operates simi- 
larly to the interrupt mechanism, except that lAC mes- 
sages are passed through dedicated sections of memory. 
The sort of tasks handled with lAC messages are proc- 
essor reinitialization, stopping the processor, purging 
the instruction cache and forcing the processor to check 
pending interrupts. 
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80960KA 
EMBEDDED 32-BIT MICROPROCESSOR 



Built-in Interrupt Gontroller 

— 31 Priority Levels, 256 Vectors 

— 3.4 jms Latency @ 25 MHz 

Easy to Use, High Bandwidth 32-Bit Bus 

— 66.7 l\/lbytes/s Burst 

— Up to 16 Bytes Transferred per Burst 

132-Lead Packages 

— Pin Grid Array (PGA) 

— Plastic Quad Flat-Pack (PQFP) 



■ High-Performance Embedded 
Architecture 

— 25 mPS Burst Execution at 25 l\/IHz 

— 9.4 MIPS* Sustained Execution at 
25 MHz 

■ 512-Byte On-Chip Instruction Cache 

— Direct lyiapped 

— Parallel Load/Decode for Uncached 
Instructions 

■ Multiple Register Sets 

— Sixteen Global 32-Bit Registers 

— Sixteen Lobai 32-Bit Registers 

— Four Local Register Sets Stored 
On-Chip 

— Register Scoreboarding 

■ 4 Gigabyte, Linear Address Space 

■ Pin Compatible with 80960KB 

The 80960KA is a member of Intel's i960® 32-bit processor family, which is designed especially for embedded 
applications. It Includes a 512-byte instruction cache and a built-in interrupt controller. The 80960KA has a 
large register set, multiple parallel execution units and a high-bandwidth burst bus. Using advanced RISC 
technology, this high performance processor is capable of execution rates in excess of 9.4 million Instructions 
per second. The 80960KA is well-suited for a wide range of applications including non-impact printers, I/O 
control and specialty instrumentation. 
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Figure 1. The 80960KA Processor's I4ighly Parallel Architecture 



*Relative to Digital Equipment Corporation's VAX-1 1 /780 at 1 MIPS (VAX-1 1 is a trademark of Digital Equipment Corporation.) 
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1.0 THE i960® PROCESSOR 

Thd 80960KA is a member of the 32-bit architecture 
from Intel known as the i960 processor family. 
These were especially designed to serve the needs 
of embedded applications. The embedded market 
includes applications as diverse as industrial auto- 
mation, avionics, image processing, graphics and 
networking. These types of applications require high 
integration, low power consumption, quick interrupt 
response times and high performance. Since time to 
market is critical, embedded microprocessors need 
to be easy to use in both hardware and software 
designs. 



All members of the i960 processor family share a 
cornmon core architecture which utilizes RISC tech- 
nology so that, except for special functions, the fam- 
ily members are object-code compatible. Each new 
processor in the family adds its own special set of 
functions to the core to satisfy the needs of a specif- 
ic application or range of applications in the embed- 
ded market. 

Software written for the 80960KA will run without 
modification on any other member of the 80960 
Family. It is also pin-compatible with the 80960KB 
which includes an integrated floating-point unit and 
the 80960MC which is a military-grade version that 
supports multitasking, memory management, multi- 
processing and fault tolerance. 
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Figure 2. 80960KA Programming Environment 
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1 . 1 Key Performance Features 

The 80960 architecture is based on the most recent 
advances in microprocessor technology and is 
grounded In Intel's long experience in the design 
and manufacture of embedded microprocessors. 
Many features contribute to the 80960KA's excep- 
tional performance: 

1. Large Register Set. Having a large number of 
registers reduces the number of times that a 
processor needs to access memory. Modern 
compilers can take advantage of this feature to 
optimize execution speed. For maximum flexibili- 
ty, the 80960KA provides thirty-two 32-bit regis- 
ters. (See Figure 2.) 

2. Fast Instruction Execution. Simple functions 
make up the bulk of instructions in most pro- 
grams so that execution speed can be improved 
by ensuring that these core instructions are exe- 
cuted as quickly as possible. The most frequently 
executed instructions such as register-register 
moves, add/subtract, logical operations and 
shifts execute in one to two cycles. (Table 1 con- 
tains a list of instructions.) 

3. Load/Store Architecture. One way to improve 
execution speed is to reduce the number of times 
that the processor must access memory to per- 
form an operation. As with other processors 
based on RISC technology, the 80960KA has a 
Load/Store architecture. As such, only the LOAD 
and STORE instructions reference memory; all 
other instructions operate on registers. This type 
of architecture simplifies instruction decoding 
and is used in combination with other techniques 
to increase parallelism. 

4. Simpie instruction Formats. All instructions in 
the 80960KA are 32 bits long and must be 
aligned on word boundaries. This alignment 
makes It possible to eliminate the instruction 
alignment stage in the pipeline. To simplify the 
instruction decoder, there are only five instruction 
formats; each instruction uses only one format. 
(See Figure 3.) 



5. Overlapped instruction Execution. Load oper- 
ations allow execution of subsequent instructions 
to continue before the data has been retumed 
from memory, so that these instructions can 
overlap the load. The 80960KA manages this 
process transparently to software through the 
use of a register scoreboard. Conditional instruc- 
tions also make use of a scoreboard so that sub- 
sequent unrelated Instructions may be executed 
while the conditional instruction is pending. 

6. Integer Execution Optimization. When the re- 
sult of an arithmetic execution is used as an oper- 
and in a subsequent calculation, the value is sent 
immediately to Its destination register. Yet at the 
same time, the value is put on a bypass path to 
the ALU, thereby saving the time that othenvise 
would be required to retrieve the value for the 
next operation. 

7. Bandwidth Optimizations. The 80960KA gets 
optimal use of its memory bus bandwidth be- 
cause the bus is tuned for use with the on-chip 
instruction cache: instruction cache line size 
matches the maximum burst size for instruction 
fetches. The 80960KB automatically fetches four 
words in a burst and stores them directly in the 
cache. Due to the size of the cache and the fact 
that It is continually filled in anticipation of need- 
ed instructions In the program flow, the 80960KA 
is relatively insensitive to memory wait states. 
The benefit is that the 80960KA delivers out- 
standing performance even with a low cost mem- 
ory system. 

8. Cache Bypass. If a cache miss occurs, the proc- 
essor fetches the needed Instruction then sends 
it on to the instruction decoder at the same time it 
updates the cache. Thus, no extra time is spent 
to load and read the cache. 
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Table 1. 80960KA Instruction Set 
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Figure 3. Instruction Formats 



1.1.1 i\^EI\^ORY SPACE AND ADDRESSING 
iVIODES 

The 80960KA offers a linear programming environ- 
ment so that all programs running on the processor 
are contained in a single address space. Maximum 
address space size is 4 Gigabytes (232 bytes). 

For ease of use the 80960KA has a small number of 
addressing modes, but includes all those necessary 
to ensure efficient execution of high-level languages 
such as C. Table 2 lists the modes. 

Table 2. Memory Addressing Modes 



• 12-Bit Offset 


• 32-Bit Offset 


• Register-Indirect 


• Register + 12-Bit Offset 


• Register + 32-Bit Offset 


• Register + (Index-Register x Scale-Factor) 


• Register x Scale Factor + 32-Bit 
Displacement 


• Register + (Index-Register x Scale-Factor) 
+ 32-Bit Displacement 


• Scale-Factor is 1, 2, 4, 8 or 16 



1.1.2 DATATYPES 

The 80960 KA recognizes the following data types: 

Numeric: 

• 8-, 16-, 32- and 64-bit ordinals 

• 8-, 16-, 32'- and 64-bit integers 

Non-Numeric: 

• Bit 

• Bit Field 

• Triple Word (96 bits) 

• Quad-Word (128 bits) 

1.1.3 LARGE REGISTER SET 

The 80960KA programming environment Includes a 
large number of registers. In fact, 32 registers are 
available at any time. The availability of this many 
registers greatly reduces the number of memory ac- 
cesses required to perform algorithms, which leads 
to greater instruction processing speed. 

There are two types of general-purpose registers: 
local and global. The global registers consist of six- 
teen 32-bit registers (GO though G15). These regis- 
ters perform the same function as the general- 
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purpose registers provided in other popular micro- 
processors. The term global refers to the fact that 
these registers retain their contents across proce- 
dure calls. 

The local registers, on the other hand, are proce- 
dure specific. For each procedure call, the 80960KA 
allocates 16 local registers (RO through R15). Each 
local register is 32 bits wide. 

1.1.4 MULTIPLE REGISTER SETS 

To further increase the efficiency of the register set, 
multiple sets of local registers are stored on-chip 
(see Figure 4). This cache holds up to four local reg- 
ister frames, which means that up to three proce- 
dure calls can be made without having to access the 
procedure stack resident in memory. 

Although programs may have procedure calls nest- 
ed many calls deep, a program typically oscillates 
back and forth between only two to three levels. As 
a result, with four stack frames in the cache, the 
probability of having a free frame available on the 
cache when a call Is made is very high. In fact, runs 
of representative C-language programs show that 
80% of the calls are handled without needing to ac- 
cess memory. 

If four or more procedures are active and a new pro- 
cedure is called, the 80960KA moves the oldest lo- 
cal register set in the stack-frame cache to a proce- 
dure stack in memory to make room for a new set of 
registers. Global register G15 is the frame pointer 
(FP) to the procedure stack. 

Global registers are not exchanged on a procedure 
call, but retain their contents, making them available 
to all procedures for fast parameter passing. 

1.1.5 INSTRUCTION CACHE 

To further reduce memory accesses, the 80960KA 
includes a 512-byte on-chip instruction cache. The 
instruction cache is based on the concept of locality 
of reference; most programs are not usually execut- 
ed in a steady stream but consist of many branches, 
loops and procedure calls that lead to jumping back 
and forth in the same small section of code. Thus, 
by maintaining a block of instructions in cache, the 
number of memory references required to read in- 
structions into the processor is greatly reduced. 
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To load the Instruction cache, instructions are 
fetched in 16-byte blocks; up to four instructions can 
be fetched at one time. An efficient prefetch algo- 
rithm increases the probability that an Instruction will 
already be in the cache when it is needed. 

Code for small loops often fits entirely within the 
cache, leading to a great increase in processing 
speed since further memory references might not be 
necessary until the program exits the loop. Similarly, 
when calling short procedures, the code for the call- 
ing procedure is likely to remain in the cache so It 
will be there on the procedure's retum. 

1.1.6 REGISTER SCOREBOARDING 

The instruction decoder is optimized in several ways. 
One optimization method is the ability to overlap in- 
structions by using register scoreboarding. 

Register scoreboarding occurs when a LOAD moves 
a variable from memory into a register. When the 
Instruction initiates, a scoreboard bit on the target 
register is set. Once the register is loaded, the bit is 
reset. In between, any reference to the register con- 
tents Is accompanied by a test of the scoreboard bit 
to ensure that the load has completed before pro- 
cessing continues. Since the processor does not 
need to wait for the LOAD to complete, it can exe- 
cute additional Instructions placed between the 
LOAD and the instruction that uses the register con- 
tents, as shown in the following example: 

Id data-2, r4 
Id data-2, r5 
Unrelated instruction 
Unrelated instruction 
add R4, R5, R6 

In essence, the two unrelated instructions between 
LOAD and ADD are executed "for free" (I.e., take no 
apparent time to execute) because they are execut- 
ed while the register is being loaded. Up to three 
load instructions can be pending at one time with 
three corresponding scoreboard bits set. By exploit- 
ing this feature, system programmers and compiler 
writers have a useful tool for optimizing execution 
speed. 
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Figure 4. Multiple Register Sets Are Stored On-Chip 



1.1.7 HIGH BANDWIDTH LOCAL BUS 

The 80960KA CPU resides on a high-bandwidth ad- 
dress/data bus known as the local bus (L-Bus). The 
L-Bus provides a direct communication path be- 
tween the processor and the memory and I/O sub- 
system interfaces. The processor uses the L-Bus to 
fetch instructions, manipulate memory and respond 
to interrupts. L-Bus features include: 

• 32-bit multiplexed address/data path 

• Four-word burst capability which allows transfers 
from 1 byte to 1 6 bytes at a time 

• High bandwidth reads and writes with 
66.7 Mbytes/s burst (at 25 MHz) 

Table 3 defines L-bus signal names and functions; 
Table 4 defines other component-support signals 
such as interrupt lines. 



1.1.8 INTERRUPT HANDLING 

The 80960KA can be interrupted in two ways: by the 
activation of one of four interrupt pins or by sending 
a message on the processor's data bus. 

The 80960KA is unusual in that it automatically han- 
dles interrupts on a priority basis and can keep track 
of pending interrupts through its on-chip 



interrupt controller. Two of the interrupt pins can be 
configured to provide 8259A-style handshaking for 
expansion beyond four interrupt lines. 



1.1.9 DEBUG FEATURES 

The 80960KA has built-in debug capabilities. There 
are two types of breakpoints and six trace modes. 
Debug features are controlled by two intemal 32-bit 
registers: the Process-Controls Word and the Trace- 
Controls Word. By setting bits in these control 
words, a software debug monitor can closely control 
how the processor responds during program execu- 
tion. 

The 80960KA provides two hardware breakpoint 
registers on-chip which, by using a special com- 
mand, can be set to any value. When the instruction 
pointer matches either breakpoint register value, the 
breakpoint handling routine is automatically called. 

The 80960KA also provkles software breakpoints 
through the use of two instructions: MARK and 
FMARK. These can be placed at any point in a pro- 
gram and cause the processor to halt execution at 
that point and call the breakpoint handling routine. 
The breakpoint mechanism is easy to use and pro- 
vides a powerful debugging tool. 

Tracing is available for instructions (single step exe- 
cution), calls and returns and branching. Each trace 
type may be enabled separately by a special 
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debug instruction. In each case, tiie 80960KA exe- 
cutes the instruction first and then calls a trace han- 
dling routine (usually part of a software debug moni- 
tor). Further program execution is halted until the 
routine completes, at which time execution resumes 
at the next instruction. The 80960KA's tracing mech- 
anisms, implemented completely in hardware, great- 
ly simplify the task of software test and debug. 

1.1.10 FAULT DETECTION 

The 80960KA has an automatic mechanism to han- 
dle faults. Fault types include trace and arithmetic 
faults. When the processor detects a faulty it auto- 
matically calls the appropriate fault handling routine 
and saves the current Instruction pointer and neces- 
sary state Information to make efficient recovery 
possible. Like interrupt handling routines, fault han- 
dling routines are usually written to meet the needs 
of specific applications and are often included as 
part of the operating system or kernel. 

For each of the fault types, there are numerous sub- 
types that provide specific information about a fault. 
The fault handler can use this specific information to 
respond correctly to the fault. 
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1.1.11 BUILT-IN TESTABILITY 

Upon reset, the 80960KA automatically conducts an 
exhaustive internal test of its major blocks of logic. 
Then, before executing Its first instruction, it does a 
zero check sum on the first eight words in memory 
to ensure that the memory image was programmed 
correctly. If a problem is discovered at any point dur- 
ing the self-test, the 80960KA asserts its FAILURE 
pin and will not begin program execution. Self test 
takes approximately 47,000 cycles to complete. 

System manufacturers can use the 80960KA's self- 
test feature during incoming parts inspection. No 
special diagnostic programs need to be written. The 
test is both thorough and fast. The self-test capabili- 
ty helps ensure that defective parts are discovered 
before systems are shipped and, once in the field, 
the self-test makes it easier to distinguish between 
problems caused by processor failure and problems 
resulting from other causes. 

1.1.12 CHMOS 

The 80960KA is fabricated using Intel's CHMOS IV 
(Complementary High Speed Metal Oxide Semicon- 
ductor) process. The 80960KA is currently available 
in 16, 20 and 25 MHz versions. 
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Table 3. 80960KA Pin Description: L-Bus Signals 



Name 


Type 


Description 


CLK2 


1 


SYSTEIM CLOCK provides the fundamental timing for 80960KA systems. It is divided 
by two inside the 80960KA to generate the internal processor clock. 


LAD31:0 


I/O 
T.S. 


LOCAL ADDRESS/DATA BUS carries 32-bit physical addresses and data to and 
from memory. During an address (Ta) cycle, bits 2-31 contain a physical word 
address (bits 0-1 indicate SIZE; see below). During a data (Td) cycle, bits 0-31 
contain read or write data. These pins float to a high impedance state when not 
active. 

Bits 0-1 comprise SIZE during a Tg cycle. SIZE specifies burst transfer size in words. 
LAD1 LADO 
IWord 

1 2 Words 

1 3 Words 
1 1 4 Words 


ALE 



T.S. 


ADDRESS LATCH ENABLE indicates the transfer of a physical address. ALE is 
asserted during a Tg cycle and deasserted before the beginning of the Td state. It is 
active LOW and floats to a high impedance state during a hold cycle (Th). 


ADS 



O.D. 


ADDRESS/DATA STATUS indicates an address state. ADS is asserted every Tq 
state and deasserted during the following T^ state. For a burst transaction, ADS is 
asserted again every Td state where READY was asserted ih the previous cycle. 


W/R 



O.D. 


WRITE/READ specifies, during a Tg cycle, whether the operation is a write or read. It 
is latched on-chip and remains valid during Td cycles. 


DT/R 



O.D. 


DATA TRANSIMIT/RECEIVE Indicates the direction of data transfer to and from the 
L-Bus. It Is low during Ta and Td cycles for a read or Interrupt acknowledgment; it is 
high during Ta and Td cycles for a write. DT/R never changes state when DEN is 
asserted. 


READY 


1 


READY indicates that data on LAD lines can be sampled or removed. If READY 
is not asserted during a Td cycle, the Td cycle is extended to the next cycle by 
inserting a wait state (T^) and /\DS is not asserted in the next cycle. 


LOCK 


I/O 
O.D. 


BUS LOCK prevents bus masters from gaining control of the L-Bus during Read/ 
Modify/Write (RMW) cycles. The processor or any bus agent may assert LOCK. 

At the start of a RMW operation, the processor examines the LOCK pin. If the pin Is 
already asserted, the processor waits until it is not asserted. If the pin is not asserted, 
the processor asserts LOCK during the Ta cycle of the read transaction. The 
processor deasserts LOCK in the Tg cycle of the write transaction. During the time 
LOCK is asserted, a bus agent can perform a normal read or write but not a RMW 
operation. 

The processor also asserts LOCK during interrupt-acknowledge transactions. Do not 
leave LOCK unconnected. It must be pulled high for the processor to function 
properly. 



I/O = Input/Output, O = Output, I = Input, O.D. = Open Drain, T.S. = Three-State 
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Table 3. 80960KA Pin Description: L-Bus Signals (Continued) 



Name 


Type 


Description 


BE3:0 



CD. 


BYTE ENABLE LINES specify the data bytes (up to four) on the bus which are used in 
the current bus cycle. BE3 corresponds to LAD31 :24; BEO corresponds to LAD7:0. 

The byte enables are provided In advance of data: 

• Byte enables asserted during Ta specify the bytes of the first data word. 

• Byte enables asserted during Td specify the bytes of the next data word, If any (the 
word to 'be transmitted following the next assertion of READY). 


Byte enables that occur during Td cycles that precede the last assertion of READY are 
undefined. Byte enables are latched on-chip and remain constant from one Td cycle to 
the next when READY Is not asserted. 

For reads, byte enables specify the byte(s) that the processor will actually use. L-Bus 
agents are required to assert only adjacent byte enables (e.g., asserting just BEO and 
BE2 Is not permitted) and are required to assert at least one byte enable. Address bits 
Ao and A-j can be decoded externally from the byte enables. 


HOLD 


1 


HOLD: A request from an external bus master to acquire the bus. When the processor 
receives HOLD and grants bus control to another master. It floats its three- state bus 
lines and open-drain control lines, asserts HLDA and enters the Th state. When HOLD 
deasserts, the processor deasserts HLDA and enters the Tj or Ta state. 


HLDA 



T.S. 


HOLD ACKNOWLEDGE: Notifies an external bus master that the processor has 
relinquished control of the bus. 


CACHE 



T.S. 


CACHE Indicates when an access Is cacheable during a Ta cycle. It is not asserted 
during any synchronous access, such as a synchronous load or move Instruction used 
for sending an lAC message. The CACHE signal floats to a high impedance state 
when the processor is Idle. 



I/O = Input/Output, O = Output, I = Input, O.D. = Open Drain, T.S. = Three-State 

Table 4. 80960KA Pin Description: Support Signals 



Name 


Type 


Description 


BADAC 


1 


BAD ACCESS, If asserted In the cycle following the one in which the last READY of a 
transaction is asserted. Indicates an unrecoverable error occurred on the current bus 
transaction or a synchronous load/store Instruction has not been acknowledged. 


During system reset the BADAC signal is interpreted differently. If the signal is high. It 
indicates that this processor will perform system initialization. If it is low, another 
processor In the system will perform system Initialization Instead. 


RESET 


1 


RESET clears the processor's Intemal logic and causes it to reinitialize. 


During RESET assertion, the input pins are Ignored (except for BADAC and IAC/INTq), 
the three-state output pins are placed In a high Impedance state and other output pins 
are placed In their non-asserted states. 

RESET must be asserted for at least 41 CLK2 cycles for a predictable RESET. The 
HIGH to LOW transition of RESET should occur after the rising edge of both CLK2 and 
the extemal bus clock and before the next rising edge of CLK2. 



I/O = Input/Output, = Output, I = Input, O.D. = Open Drain, T.S. = Three-State 
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Table 4. 80960KA Pin Description: Support Signals (Continued) 



Name 


Type 


Description 


FAILURE 



O.D. 


INITIALIZATION FAILURE indicates that the processor did no^ initialize correctly. 


After RESET deasserts and before the first bus transaction begins, FAILURE 
asserts while the processor performs a self-test. If the self-test completes 
successfully, then FAILURE deasserts. The processor then performs a zero 
checksum on the first eight words of memory. If it fails, FAILURE asserts for a 
second time and remains asserted. If it passes, system Initialization continues and 
FAILURE remains deasserted. 


lAC/INTo 


1 


INTERAGENT COMMUNICATION REQUEST/INTERRUPT indicates an lAC 
message or an Interrupt is pending. The bus interrupt control register determines 
how the signal is interpreted. To signal an interrupt or lAC request in a synchronous 
system, this pin— as well as the other Interrupt pins-^must be enabled by being 
deasserted for at least one bus cycle and then asserted for at least one additional 
bus cycle. In an asynchronous system the pin must remain deasserted for at least 
two bus cycles and then asserted for at least two more bus cycles. 

During system reset, this signal must be in the logic high condition to enable 
normal processor operation. The logic low condition is reserved. 


INT1 


1 


INTERRUPT 1, like INTq, provides direct interrupt signaling. 


INT2/INTR 


1 


INTERRUPT 2/INTERRUPT REQUEST: The Interrupt control register determines 
how this pin is interpreted. If INT2, It has the same interpretation as the INTq and 
INT-i pins. If INTR, it is used to receive an interrupt request from an external 
Interrupt controHer. 


INT3/INTA 


I/O 
O.D. 


INTERRUPT 3/INTERRUPT ACKNOWLEDGE: The bus interrupt control register 
determines how this pin is interpreted. If INT3, it has the same interpretation as the 
INTq, INT1 and INT2 pins. If INTA, it is used as an output to control interrupt- 
acknowledge transactions. The INTA output is latched on-chip and remains valid 
during Td cycles; as an output, it is open-drain. 


N.C. 


N/A 


NOT CONNECTED indicates pins should not be connected. Never connect any pin 
marked N.C. as these pins may be reserved for factory use. 




I/O = Input/Output, O = Output, I = Input, O.D. = Open Drain, T.S. = Three-State 



2.0 ELECTRICAL SPECIFICATIONS 



2.1 Power and Grounding 

The 80960KA is implemented in CHMOS IV technol- 
ogy and therefore has modest power requirements. 
Its high clock frequency and numerous output buff- 
ers (address/data, control, error and arbitration sig- 
nals) can cause power surges as multiple output 
buffers simultaneously drive new signal levels. For 
clean on-chip power distribution, Vcc and Vss pins 
separately feed the device's functional units. Power 
and ground connections must be made to ail 
80960KA power and ground pins. On the circuit 
board, all Vcc Pins must be strapped closely togeth- 
er, preferably on a power plane; all Vss Pins should 
be strapped together, preferably on a ground plane. 



2.2 Power Decoupling 
Recommendations 

Place a liberal amount of decoupling capacitance 
near the 80960KA. When driving the L-bus the proc- 
essor can cause transient power surges, particularly 
when connected to a large capacitive load. 

Low inductance capacitors and interconnects are 
recommended for best high frequency electrical per- 
formance. Inductance is reduced by shortening 
board traces between the processor and decoupling 
capacitors as much as possible. 
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2.3 Connection Recommendations 

For reliable operation, always connect unused in- 
puts to an appropriate signal level. In particular, if 
one or more interrupt lines are not used, they should 
be pulled up. No inputs should ever be left floating. 

All open-drain outputs require a pullup device. While 
in most cases a simple pullup resistor is adequate, a 
network of pullup and pulldown resistors biased to a 
valid V|H (>3.0V) and terminated in the characteris- 
tic impedance of the circuit board is recommended 
to limit poise and AC power consumption. Figure 5 
and Figure 6 show recommended values for the re- 
sistor network for low and high current drive, assum- 
ing a characteristic impedance of 100n. Terminating 
output signals in this fashion limits signal swing and 
reduces AC power consumption. 

NOTE: 

Do not connect external logic to pins marked N.C. 



Open-Drain Output 



220A 



330n 



Low Drive Network: 

VoH = 3.0V 
Iql - 20.7 mA 



Figure 5. Connection Recommendations for 
Low Current Drive Network 



Open-Drain Output 



h-o- 



390n 



270775-6 



High Drive Network: 

VoH = 3.4V 
Iql = 25.3 mA 



Figure 6. Connection Recommendations for 
High Current Drive Network 

2.4 Characteristic Curves 

Figure 7 shows typical supply current requirements 
over the operating temperature range of the proces- 
sor at supply voltage (Vcc) of 5V. Figure 8 and Fig- 
ure 9 show the typical power supply current (Ice) 
that the 80960KA requires at various operating fre- 
quencies when measured at three input voltage 
(Vcc) levels and two temperatures. \ 

For a given output current (Iql) the curve in Figure 
10 shows the worst case output low voltage (Vql)- 
Figure 11 shows the typical capacitive derating 
curve for the 80960KA measured from 1 .5V on the 
system clock (CLK) to 1 .5V on the falling edge and 
1 .5V on the rising edge of the L-Bus address/data 
(LAD) signals. 
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Figure 7. Typical Suppiy Current vs. Case Temperature 
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Figure 8. Typical Current vs. Frequency (Room Temp) 
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Figure 9. Typical Current vs. Frequency (Hot Temp) 



(Temp = +85X, Vcc = 4.5V) 
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Figure 10. Worst-Case Voitage vs. Output 
Current on Open-Drain Pins 



Figure 11. Capacitive Derating Curve 
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2.5 Test Load Circuit 

Figure 12 illustrates the load circuit used to test the 
80960KA's three-state pins; Figure 13 shows the 
load circuit used to test the open drain outputs. The 
open drain test uses an active load circuit in the form 
of a matched diode bridge. Since the open-drain out- 
puts sink current, only the Iql '©QS of the bridge are 
necessary and the Iqh I@9S are not used. When the 
80960KA driver under test is turned off, the output 
pin is pulled up to Vref (••©•. Vqh)- Diode Di is 
turned off and the Iql current source flows through 
diode D2. 

When the 80960KA open-drain driver under test is 
on, diode Di is also on and the voltage on the pin 
being tested drops to Vql- Diode D2 turns off and 
Iql ^'ows through diode Di . 



Three-State Output 

o 






270775-12 



NOTE: 

Cl = 50 pF for all signals 



Figure 12. Test Load Circuit for 
Three-State Output Pins 



Open-Drain Output 
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NOTES: 

Iql Tested at 25 mA 
Vref = Vcc 
Di and D2 are matched 
Cl = 50 pF for ail signals 




Figure 13. Test Load Circuit for 
Open-Drain Output Pins 
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2.6 Absolute Maximum Ratings 

Operating Temperature 

PGA 0°Cto +85**CCase 

PQFP O^Cto +100*^CCase 

Storage Temperature -65°C to + ISO'^C 

Voltage on Any Pin -0.5V to Vcc + 0.6V 

Power Dissipation 2.5W (25 MHz) 



NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 



* WARNING: Stressing the device beyond the ""Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex- 
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 



2.7 DC Characteristics 



PGA: 



80960KA (16 MHz) Tqase = 0°C to +85**C, Vqc = 5V ±10% 
80960KA (20 and 25 MHz) Tqase = 0°C to +85*'C, Vcc = 5V ±5% 
PQFP: 80960KA (16 MHz) Tcase = 0"C to +100"C, Vcc = 5V ±10% 

80960KA (20 and 25 MHz) Tcase = 0°C to + lOO^'C, Vcc = 5V ±5% 

Table 5. DC Characteristics 



Symbol 


Parameter 


Min 


Max 


Units 


Notes 


V|L 


Input Low Voltage 


-0.3 


+ 0.8 


V 




V|H 


Input High Voltage 


2.0 


Vcc + 0.3 


V 




VCL 


CLK2 Input Low Voltage 


-0.3 


+ 0.8 


V 




VCH 


CLK2 Input High Voltage 


0.55 Vcc 


Vcc + 0.3 


V 




Vol 


Output Low Voltage 




0.45 


V 


(1.2) 


VOH 


Output High Voltage 


2.4 




V 


(3,4) 


Ice 


Power Supply Current: 
16 MHz 
20 MHz 
25 MHz 




315 
360 
420 




(5) 

(5) . 
(5) 


"LI 


Input Leakage Current 




±15 


>A 


^ V|N ^ Vcc 


Ilo 


Output Leakage Current 




±15 


^A 


0.45 ^ Vo ^ Vcc 


C|N 


Input Capacitance 




10 


pF 


fc = 1 MHz(6) 


Co 


Output Capacitance 




12 


PF 


fc = 1 MHz(6) 


CCLK 


Clock Capacitance 




10 


pF 


fc = 1 MHz(6) 



NOTES: 

1 . For three-state outputs, this parameter is measured at: 

Addresss/Data 4.0 mA 

Controls 5.0 mA 

2. For open-drain outputs . . ., 25 mA 

3. This parameter is measured at: 

Address/Data - 1.0 mA 

Controls -0.9 mA 

ALE ; -5.0 mA 

4. Not measured on open-drain outputs. 

5. Measured at worst case frequency, Vcc sind temperature, with device operating and outputs loaded to the test conditions 
in Figures 1 2 and 1 3. Figure 7. Figure 8 and Figure 9 indicate typical values. 

6. Input, output and clock capacitahce are not tested. 
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2.8 AC Specifications 

This section describes the AC specifications for the 
80960KA pins. All input and output timings are spec- 
ified relative to the 1 .5V level of the rising edge of 
CLK2. For output timings the specifications refer to 
the time it takes the signal to reach 1 .5V. 



For input timings the specifications refer to the time 
at which the signal reaches (for input setup) or 
leaves (for hold time) the TTL levels of LOW (0.8V) 
or HIGH (2.0V). All AC testing should be done with 
input voltages of 0.4V and 2.4V, except for the clock 
(CLK2), which should be tested with input voltages 
of d.45V and 0.55 Vcc- 



EDGE 




INPUTS: 
LAD31:0 
BADAC 

iac/Tnto, INTI 

INT2/INTR, mT3 



HOLD 
LOCK 
READY 



270775-14 




Figure 14. Drive Levels and Timing Relationships for 80d60KA Signals 
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2.8.1 AC SPECIFICATION TABLES 

Table 6. 80960KA AC Characteristics (16 MHz) 



Symbol 


Parameter 


Min 


mx 


units 


Notes 


INPUT CLOCK 


Ti 


Processor Clock Period (CLK2) 


31.25 


125 


ns 


V,N = 1.5V 


T2 


Processor Clock Low Time (CLK2) 


8 




ns 


V|L= 10% Point = 1.2V 


T3 


Processor Clock High Time (CLK2) 


8 




ns 


V|H = 90% Point = 0.1V + 0.5 Vcc 


T4 


Processor Clock Fall Time (CLK2) 




10 


ns 


V|N = 90% Point to 10% Pointd) 


T5 


Processor Clock Rise Time (CLK2) 




10 


ns 


V|N = 10% Point to 90% Point(i) 


SYNCHRONOUS OUTPUTS 


Te 


Output Valid Delay 


2 


25 


ns 




TSH 


HLDA Output Valid Delay 


4 


28 


ns 




Ty 


ALE Width 


15 




ns 




Te 


ALE Output Valid Delay 


2 


18 


ns 




Tq 


Output Float Delay 


2 


20 


ns 


(2) 


Tqh 


HLDA Output Float Delay 


4 


20 


ns 


(2) 


SYNCHRONOUS INPUTS 


Tio 


Input Setup 1 


. 3 




ns 


(3) 


T11 


Input Hold 


5 




ns 


(3) 


TiiH 


HOLD Input Hold 


4 




ns 


(3) 


Ti2 


Input Setup 2 


8 




ns 


(3) 


Ti3 


Setup to ALE Inactive 


10 




ns 




Ti4 


Hold after ALE Inactive 


8 




ns 




Ti5 


Reset Hold 


3 




ns 


(3) 


Ti6 


Reset Setup 


,5 




ns 


(3) 


Ti7 


Reset Width 


1281 




ns 


41 CLK2 Periods Minimum 



NOTES: 

1 . Clock rise and tall times are not tested. 

2. A float condition occurs when the maximum output current becomes less than Ilq. Float delay is not tested; however, it 
should no t be long er than the va lid d elay. 

3. LAD31 :0, BADAC. HOLD. LOCK and READY are synchronous inputs. IAC/INTq, INTi , INT2/INTR and INT3 may be 
synchronous or asynchronous. 
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Table 7. 80960KA AC Characteristics (20 MHz) 



Symbol 


Parameter 


MIn 


Max 


Units 


Notes 


INPUT CLOCK 


Ti 


Processor Clock Period (CLK2) 


25 


125 


ns 


V,N=1.5V 


T2 


Processor Clock Low Time (CLK2) 


6 




ns 


V|L= 10% Point = 1.2V 


T3 


Processor Clock High Time (CLK2) 


6 




ns 


V|H = 90% Point == 0.1V + 0.5 Vcc 


T4 


Processor Clock Fall Time (CLK2) 




10 


ns 


V|N = 90% Point to 10% Point(i) 


T5 


Processor Clock Rise Time (CLK2) 




10 


ns 


V|N = 10% Point to 90% PointO) 


SYNCHRONOUS OUTPUTS 


Te 


Output Valid Delay 


2 


20 


ns 




TsH 


HLDA Output Valid Delay 


4 


23 


ns 




T7 


ALE Width 


12 




ns 




T8 


ALE Output Valid Delay 


2 


18 


ns 




Tg 


Output Float Delay 


2 


20 


ns 


(2) 


TgH 


HLDA Output Float Delay 


4 


20 


ns 


(2) 


SYNCHRONOUS INPUTS 


T10 


Input Setup 1 


3 




ns 


(3) 


T11 


Input Hold 


5 




ns 


(3) 


T11H 


HOLD Input Hold 


4 




ns 


(3) 


T12 


Input Setup 2 


7 




ns 


(3) 


Ti3 


Setup to ALE Inactive 


10 




ns 




T14 


Hold after ALE Inactive 


8 




ns 




Ti5 


Reset Hold 


3 




ns 




Ti5 


Reset Setup 


5 




ns 




Ti7 


Reset Width 


1025 




ns 


41 CLK2 Periods Minimum 




NOTES: 

1 . Clock rise and fall times are not tested. 

2. A float condition occurs when the maximum output 
should no t be long er than t he val id del ay. 

3. LAD31:0, BADAC, HOLD, LOCK and READY are 
synchronous or asynchronous. 



current becomes less than Ilq. Float delay is not tested; however, it 
synchronous inputs. IAC/TnTo, INT1, INT2/INTR and INT3 may be 
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Table 8. 80960KA AC Characteristics (25 IVIHz) 



Symbol 


Parameter 


MIn 


Max 


Units 


Notes 


INPUT CLOCK 


Ti 


Processor Clock Period (CLK2) 


20 


125 


ns 


V,N = 1.5V 


T2 


Processor Clock Low Time (CLK2) 


5 




ns 


V|L = 10% Point =-1.2V 


T3 


Processor Clock High Time (CLK2) 


5 




ns 


V|H = 90% Point = 0.1V + 0.5 Vcc 


T4 


Processor Clock Fall Time (CLK2) 




10 


ns 


V|N = 90% Point to 10% PointO) 


T5 


Processor Clock Rise Time (CLK2) 




10 


ns 


V|N = 10% Point to 90% PointO) 


SYNCHRONOUS OUTPUTS 


Te 


Output Valid Delay 


2 


18 


ns 




TeH 


HLDA Output Valid Delay 


4 


23 


ns 




T7 


ALE Width 


12 




ns 




Te 


ALE Output Valid Delay 


2 


18 


ns 




T9 


Output Float Delay 


2 


18 


ns 


(2) 


Tqh 


HLDA Output Float Delay 


4 


20 


ns 


(2) 


SYNCHRONOUS INPUTS 


T10 


Input Setup 1 


3 




ns 


(3) 


T11 


Input Hold 


5 




ns 


(3) 


T11H 


HOLD Input Hold 


4 




ns 




T12 


Iriput Setup 2 


7 




ns 




Ti3 


Setup to ALE Inactive 


8 




ns 




Ti4 


Hold after ALE Inactive 


8 




ns 




Ti5 


Reset Hold 


3 




ns 




T16 


Reset Setup 


5 




ns 




Ti7 


Reset Width 


820 




ns 


41 CLK2 Periods Minimum 



NOTES: 

1 . Clock rise and tall times are not tested. 

2. A float condition occurs when the maximum output current becomes less than Ilq. Float delay Is not tested; however, it 
should no t be long er than the va lid d elay. 

3. LAD31:0, BADAC, HOLD, LOCK and READY are synchronous inputs. IaO/IFjTo, INT1, INT2/INTR and INT3 may be 
synchronous or asynchronous. 
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Figure 15. Processor Clock Pulse (CLK2) 
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3.0 MECHANICAL DATA 

3.1 Packaging 

The 80960KA is available in two pacl<age types: 

• 132-lead ceramic pin-grid array (PGA). Pins are 
arranged 0.100 inch (2.54 mm) center-to-center, 
in a 14 by 14 matrix, three rows around (see Fig- 
ure 17). 

• 132-lead plastic quad flat pack (PQFP). This 
package uses fine-pitch gull wing leads arranged 
in a single row along the package perimeter with 
0.025 inch (0.64 mm) spacing (see Figure 20). 

Dimensions for both package types are given in the 
Intel Packaging handbook (Order #240800). 



3.1.1 PIN ASSIGNMENT 

The PGA and PQFP have different pin assignments. 
Figure 18 shows the view from the PGA bottom (pins 
facing up) and Figure 19 shows a view from the PGA 
top (pins facing down). Figure 20 shows the PQFP 
package; Figure 21 shows the PQFP pinout with sig- 
nal names. Notice that the pins are numbered in or- 
der from 1 to 132 around the package perimeter. 
Table 9 and Table 10 list the function of each PGA 
pin; Table 1 1 and Table 12 list the function of each 
PQFP pin. 
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Figure 17. 132-Lead Pin-Grid Array (PGA) Package 
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Figure 18. 80960KA PGA Pinout— View from Bottom (Pins Facing Up) 
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Figure 19. 80960KA PGA Pinout— View from Top (Pins Facing Down) 
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Figure 20. 80960KA 132-Lead Plastic Quad Fiat-Pack (PQFP) Pacl(age 
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Figure 21. PQFP PInout— View from Top 
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3.2 Pinout 



Table 9. 80960KA PGA Pinout— In Pin Order 



Pin 


Signal 


A1 


Vcc 


A2 


Vss 


A3 


LADi9 


A4 


LADi7 


A5 


LAD16 


A6 


LAD14 


A7 


LAD11 


A8 


LAD9 


A9 


LAD7 


A10 


LAD5 


A11 


LAD4 


A12 


LADi 


A13 


INT2/INTR 


A14 


Vcc 


B1 


LAD23 


B2 


LAD24 


B3 


LAD22 


B4 


LAD21 


85 


LAD18 


86 


LAD15 


87 


LAD12 


88 


LAD10 


89 


LADe 


810 


LAD2 


811 


CLK2 


812 


LADo 


813 


RESET 


814 


Vss 


CI 


HOLD 


C2 


LAD25 


C3 




8ADAC 


C4 


Vcc 


C5 


Vss 



Pin 


Signal 


C6 


LAD20 


C7 


LAD13 


C8 


LADs 


C9 


LAD3 


CIO 


Vcc 


C11 


Vss 


C12 


INT3/INTA 


C13 


INT1 


C14 


lAC/INTo 


D1 


ALE 


D2 


ADS 


D3 


HLDA 


D12 


Vcc 


D13 


N.C. 


D14 


N.C. 


El 


LAD28 


E2 


LAD26 


E3 


LAD27 


E12 


N.C. 


E13 


Vss 


E14 


N.C. 


F1 


LAD29 


F2 


LAD31 


F3 


CACHE 


F12 


N.C. 


F13 


N.C. 


F14 


N.C. 


G1 


LAD30 


G2 


READY 


G3 


BEi 


G12 


N.C. 


G13 


N.C. 


G14 


N.C. 



Pin 


Signal 


HI 


W/R 


H2 


BEo 


H3 




LOCK 


H12 


N.C. 


H13 


N.C. 


H14 


N.C. 


J1 


DT/R 


J2 


BE2 


J3 


Vss 


J12 


N.C. 


J13 


N.C. 


J14 


N.C. 


K1 


BE3 


K2 




FAILURE 


K3 


Vss 


K12 


Vcc 


K13 


N.C. 


K14 


N.C. 


L1 


DEN 


L2 


N.C. 


L3 


Vcc 


LI 2 


Vss 


LI 3 


N.C. 


LI 4 


N.C. 


Ml 


N.C. 


M2 


Vcc 


M3 


Vss 


M4 


Vss 


M5 


Vcc 


M6 


N.C. 


M7 


N.C. 


M8 


N.C. 


M9 


N.C. 



Pin 


Signal 


M10 


Vss 


M11 


Vcc 


M12 


N.C. 


M13 


N.C. 


M14 


N.C. 


N1 


Vss 


N2 


N.C. 


N3 


N.C. 


N4 


N.C. 


N5 


N.C. 


N6 


N.C. 


N7 


N.C. 


N8 


N.C. 


N9 


N.C. 


N10 


N.C. 


Nil 


N.C. 


N12 


N.C. 


N13 


N.C." 


N14 


N.C. 


PI 


Vcc 


P2 


N.C. 


P3 


N.C. 


P4 


N.C. 


P5 


N.C. 


P6 


N.C. 


P7 


N.C. 


P8 


N.C. 


P9 


N.C. 


P10 


N.C. 


P11 


N.C. 


P12 


N.C. 


P13 


Vss 


P14 


Vcc 



NOTE: 

Do not connect any external logic to any pins marked N.C. 
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Table 10. 80960KA PGA Pinout— In Signal Order 



Signal 


Pin 


ADS 


D2 


ALE 


D1 




C3 


BADAC 


BEo 


H2 


BEi 


G3 


BE2 


J2 


BE3 


K1 


CACHE 


F3 


CLK2 


B11 


DEN 


L1 


DT/R 


J1 




K2 


FAILURE 


HLDA 


D3 


HOLD 


C1 


lAC/INTo 


C14 


INT1 


C13 


INT2/INTR 


A13 


INT3/INTA 


C12 


LADo 


812 


LADi 


A12 


LAD2 


810 


LAD3 


C9 


LAD4 


A11 


LAD5 


A10 


LADe 


89 


LAD7 


A9 


LADe 


C8 


LAD9 


A8 


LAD10 


88 


LAD11 


K7 


LAD12 


87 


LAD13 


C7 


LAD14 


AS 



Signal 


Pin 


LAD15 


86 


LAD16 


A5 


LAD17 


A4 


LAD18 


85 


LAD19 


A3 


LAD20 


C6 


LAD21 


84 


LAD22 


83 


LAD23 


81 


LAD24 


82 


LAD25 


C2 


LAD26 


E2 


LAD27 


E3 


LAD28 


El 


LAD29 


F1 


LAD30 


G1 


LAD31 


F2 


LOCK 


H3 


N.C. 


D13 


N.C. 


D14 


N.C. 


E12 


N.C. 


E14 


N.C. 


F12 


N.C. 


F13 


N.C. 


F14 


N.C. 


G12 


N.C. 


G13 


N.C. 


G14 


N.C. 


H12 


N.C. 


H13 


N.C. 


H14 


N.C. 


J12 


N.C. 


J13 



Signal 


Pin 


N.C. 


J14 


N.C. 


K13 


N.C. 


K14 


N.C. - 


LI 3 


N.C. 


L14 


N.C. 


M1 


N.C. 


MB 


N.C, 


m 


N.C. 


M8 


N.C. 


M9 


N.C. 


M12 


N.C. 


M13 


N.C. 


M14 


N.C. 


N2 


N.C. 


N3 


N.C. 


N4 


N.C. 


N5 


N.C. 


N6 


N.C. 


N7 


N.C. 


N8 


N.C. 


N9 


N.C. 


N10 


N.C. 


N11 


N.C. 


N12 


N.C. 


N13 


N.C. 


N14 


N.C. 


P2 


N.C. 


P3 


N.C. 


P4 


N.C. 


P5 


N.C. 


P6 


N.C. 


P7 


N.C. 


P8 



Signal 


Pin 


N.C. 


P9 


N.C. 


P10 


N.C. 


P11 


N.C. 


P12 


N.C. 


L2 


READY 


G2 


RESET 


813 


Vcc 


A1 


Vcc 


A14 


Vcc 


C4 


Vcc 


CIO 


Vcc 


D12 


Vcc 


K12 


Vcc 


L3 


Vcc 


M2 


Vcc 


M5 


Vcc 


M11 


Vcc 


P1 


Vcc 


P14 


Vss 


A2 


Vss 


814 


Vss 


C5 


Vss 


C11 


Vss 


E11 


Vss 


J3 


Vss 


K3 


Vss 


L12 


Vss 


M3 


Vss 


M4 


Vss 


M10 


Vss 


N1 


Vss 


P13 


W/R 


HI 



NOTE: 

Do not connect any external logic to any pins marked N.C. 
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Table 11. 80960KA PQFP Pinout— In Pin Order 



Pin 


Signal 


1 


, HLDA 


2 


ALE 


3 


LAD26 


4 


LAD27 


5 


LAD28 


6 


LAD29 


7 


LAD30 


8 


LAD31 


9 


Vss 


10 


CACHE 


11 


W/R 


12' 




READY 


13 


DT/R 


14 


BEo 


15 


BEi 


16 


BE2 


17 


BE3 


18 




FAILURE 


19 


Vss 


20 


LOCK 


21 


DEN 


22 


Vss 


23 


Vss 


24 


N.C. 


25 


N.C. 


26 


Vss 


27 


Vss 


28 


N.C. 


29 


Vcc 


30 


Vcc 


31 


N.C. 


32 


Vss 


33 


Vss 



Pin 


Signal 


34 


N.C. 


35 


Vcc 


36 


Vcc 


37 


N.C. 


38 


N.C. 


39 


N.C. 


40 


N.C. 


41 


Vcc , 


42 


Vss 


43 


N.C. 


44 


N.C. 


45 


N.C. 


46 


N.C. 


47 


N.C. 


48 


N.C. 


49 


N.C. 


50 


N.C. 


51 


N.C. 


52 


Vss 


53 


Vss 


54 


N.C. 


55 


Vcc 


56 


Vcc 


57 


Vss 


58 


N.C. 


59 


N.C. 


60 


- N.C. 


61 


N.C. 


62 


N.C. 


63 


N.C. 


64 


N.C. 


65 


N.C. 


66 


N.C. 



Pin 


Signal 


67 


Vss 


68 


Vss 


69 


N.C. 


70 


Vcc 


71 


Vcc 


72 


N.C. 


73 


Vss 


74 


Vcc 


75 


N.C. 


76 


N.C. 


11 


N.C. 


78 


N.C. 


79 


Vss 


80 


Vss 


81 


, N.C. 


82 


Vcc 


83 


Vcc 


84 


Vss 


85 


lAC/INTo 


86 


INT1 


87 


INT2/INTR 


88 


INT3/INTA 


89 


N.C. 


90 


Vss 


91 


CLK2 


92 


Vcc 


93 


RESET 


94 


N.C. 


95 


N.C. 


96 


N.C. 


97 


N.C. 


98 


N.C. 


99 


Vss 



Pin 


Signal 


100 


LADo 


101 


LADi 


102 


LAD2 


103 


Vss 


104 


LAD3 


105 


LAD4 


106 


LAD5 


107 


LADe 


108 


LAD7 


109 


LADs 


110 


LADg 


111 


LAD10 


112 


LAD11 


113 


LAD12 


114 


Vss 


115 


LAD13 


116 


LAD14 


117 


LAD15 


118 


LAD16 


119 


LAD17 


120 


LAD18 


121 


LAD19 


122 


LAD20 


123 


LAD21 


124 


LAD22 


125 


Vss 


126 


LAD23 


127 


LAD24 


128 


LAD25 


129 


BADAC 


130 


HOLD 


131 


N.C. 


132 


ADS 



NOTE: 

Do not connect any external logic to any pins marked N.C. 
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Table 12. 80960KA PQFP Pinout— In Signal Order 



Signal 


Pin 


ADS 


132 


ALE 


2 


BADAC 


129 


BEo 


14 


BEi 


15 


BE2 


16 


BE3 


17 


CACHE 


10 


CLK2 


91 


DEN 


21 


DT/R 


13 




18 


FAfLURE 


HLDA 


1 


HOLD 


130 


IAC/INTo 


85 


INT1 


86 


INT2/INTR 


87 


INT3/INTA 


88 


LADo 


100 


LADi 


101 


LAD2 


102 


LAD3 


104 


LAD4 


105 


LAD5 


106 


LADe 


107 


LAD7 


108 


LADs 


109 


LAD9 


110 


LAD10 


111 


LAD11 


112 


LAD12 


113 


LAD13 


115 


LAD14 


116 



Signal 


Pin 


LAD15 


117 


LAD16 


118 


LAD17 


119 


LAD18 


120 


LAD19 


121 


LAD20 


122 


LAD21 


123 


LAD22 


124 


LAD23 


126 


LAD24 


127 


LAD25 


128 


LAD26 


3 


LAD27 


4 


LAD28 


5 


LAD29 


6 


LAD30 


7 


LAD31 


8 




20 


LOCK 


N.C. 


24 


N.C. 


25 


N.C. 


28 


N.C. 


31 


N.C. 


34 


N.C. 


37 


N.C. 


38 


N.C. 


39 


N.C. t 


40 


N.C. 


43 


N.C. 


44 


N.C. ' 


45 


N.C. 


46 


N.C. 


47 


N.C. 


48 



Signal 


Pin 


N.C. 


49 


N.C. 


50 


N.C. 


51 


N.C. 


54 


N.C. 


58 


N.C. 


59 


N.C. 


60 


N.C. 


61 


N.C. 


62 


N.C. 


63 


N.C. 


64 


N.C, 


65 


N.C. 


66 


N.C. 


69 


N.C. 


72 


N.C. 


75 


N.C. 


76 


N.C. 


11 


N.C. 


78 


N.C. 


81 


N.C. 


89 


N.C. 


94 


N.C. 


95 


N.C. 


96 


N.C.^ 


97 


N.C. 


98 


N.C. 


131 




12 


READY 


RESET 


93 


Vcc 


29 


Vcc 


30 


Vcc 


35 


Vcc 


36 



Signal 


Pin 


Vcc 


41 


Vcc 


55 


Vcc 


56 


Vcc 


70 


Vcc 


71 


Vcc 


74 


Vcc 


82 


Vcc 


83 


Vcc 


92 


Vss 


9 


Vss 


19 


Vss 


22 


Vss 


23 


Vss 


26 


Vss 


27 


Vss 


32 


Vss 


33 


Vss 


42 


Vss 


52 


Vss 


53 


Vss 


57 


Vss 


67 


Vss 


68 


Vss 


73 


Vss 


79 


Vss 


80 


Vss 


84 


Vss 


90 


Vss 


99 


Vss 


103 


Vss 


114 


Vss 


125 


W/R 


11 
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3.3 Package Thermal Specification 

The 80960KA is specified for operation when case 
temperatures within the range 0°C to SS^'C (PGA) or 
CC to lOCC (PQFP). IVIeasure case temperature at 
the top center of the package. Ambient temperature 
can be calculated from: 

Tj = Tc + P * e^c 

Ta = Tj + P * ^jA 

Tc = Ta + P * [djA - djcl 

Values for 0ja and 19 jc for various airflows are given 
in Table 13 for the PGA package and in Table 14 for 
the PQFP package. The PGA's ^ja can be reduced 
by adding a heatsink. For the PQFP, however, a 
heatsink is not generally used since the device is 
intended to be surface mounted. 



Maximum allowable ambient temperature (Ta) per- 
mitted without exceeding Tc is shown by the graphs 
in Figures 23, 24, 25 and 26. The curves assume the 
maximum permitted supply current (Ice) at each 
speed, Vcc of +5.0V and a Tqase of +85"'C (PGA) 
or +100"C(PQFP). 

If the 80960KA is to be used in a harsh environment 
where the ambient temperature may exceed the lim- 
its for the normal commercial part, consider using an 
extended temperature device. These components 
are designated by the prefix "TA" and are available 
at 16, 20 and 25 MHz in the ceramic PGA package. 
Extended operating temperature range is -40*'C to 
+ 125°C(case). 

Figure 26 shows the maximum allowable ambient 
temperature for the 20 MHz extended temperature 
TA80960KA at various airflows. The curve assumes 
an Ice of 420 mA, Vcc of 5.0V and a Tcase of 
+ 125"C. 



Table 13. 80960KA PGA Package Thermal Characteristics 



Thermal Resistance— X/Watt 



Parameter 


Airflow— ft./min (m/sec) 



(0) 


50 
(0.25) 


100 
(0.50) 


200 
(1.01) 


400 
(2.03) 


600 
(3.04) 


800 
(4.06) 


e Junction-to-Case 


2 


2 


2 


2 


2 


2 


2 


e Case-to-Ambient 
(No Heatsink) 


19 


18 


17 


15 


12 


10 


9 


$ Case-to-Ambient 

(Omnidirectional 

Heatsink) 


16 


15 


14 


12 


9 


7 . 


6 


$ Case-to-Ambient 

(Unidirectional 

Heatsink) 


15 


14 


13 


11 


8 


6 


5 
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NOTES: 

1 . This table applies to 80960KA PGA plugged into socket or soldered 
directly to board. 

2. ^JA = ^JC + <^CA 

3. 9j.CAP == 4''e/W approx.) 

^J-PIN = 4*'G/W (inner pins) (approx.) 
^J-PIN = B^C/W (outer pins) (approx.) 
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Table 14. 80960KA PQFP Package Thermal Characteristics 



Thermal Resistance— °C/Watt 



Parameter 


Airflow— ft./min (m/sec' 


) 



(0) 


50 
(0.25) 


100 
(0.50) 


200 
(1.01) 


400 
(2.03) 


600 
(3.04) 


800 
(4.06) 


d Junction-to-Case 


9 


9 


9 


9 


9 


9 


9 


Case-to-Ambient 
(No Heatsink) 


22 


19 


18 


16 


11 


9 


8 



NOTES: 

1 . This table applies to 80960KA PQFP soldered directly to board. 

2. ^JA = ^JC + Oc^ 

3. djL = 18*C/W(approx.) 
^JB = IS^C/WCapprox.) 



2: 
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Figure 22. HOLD Timing 
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Figure 23. 16 MHz Maximum Allowable Ambient Temperature 
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Figure 24. 20 MHz Maximum Allowable Ambient Temperature 
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Figure 25. 25 MHz Maximum Ailowable Ambient Temperature 
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Figure 26. Maximum Allowabie Ambient Temperature for tlie 
Extended Temperature TA-80960KA 20 MI4z in PGA Pacl(age 
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4.0 WAVEFORMS 

Figures 27, 28, 29 and 30 show the waveforms for various transactions on the 80960KA's local bus. 
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Figure 27. Npn-Burst Read and Write Transactions without Wait States 
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Figure 28. Burst Read and Write Transaction without Wait States 
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Figure 29. Burst Write Transaction with 2, 1, 1, 1 Wait States 
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Figure 30. Accesses Generated by Quad Word Read Bus Request, 
l\/lisaiigned Two Bytes from Quad Word Boundary (1, 0, 0, Wait States) 
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NOTE: 

INTR can go low no sooner than the input hold time following the beginning of interrupt acknowledgment cycle 1. For a 
second interrupt to be acknowledged, INTR must be low for at least three cycles before it can be reasserted. 

Figure 31. Interrupt Acknowledge Transaction 
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5.0 REVISION HISTORY 

No revision history was maintained In earlier revi- 
sions of this data sheet. All errata that has been 



80960KA 



identified to date Is incorporated into this revision. 
The sections significantly changed since the previ- 
ous revision are: 



Section 


Last 
Rev. 


Description 


Table 3. 80960KA Pin Description: L-Bus 
Signals (pg. 9) 


-004 


LOCK pin description rewritten for clarity. 


2.3. Connection Recommendations 
(pg.12) 


-004 


Changed suggested open-drain termination networks 
to reflect more realistic operating conditions with 
reduction in DC power consumption. 


Figure 9. Typical Current vs. Frequency 
(HotTemp)(pg.14) 


-004 


Added figure for typical power supply current at hot 
temperature to aid thermal analysis. 


Figure 12. Test Load Circuit for Three- 
State Output Pins (pg. 1 5) 

Figure 1 3. Test Load Circuit for Open- 
Drain Output Pins (pg. 16) 


-004 


All outputs now specified with standard 50 pF test 
loads to agree with actual test methodology. 


2.7. DC Characteristics (pg. 16) 


-004 


Ice n^ax specification reduced: 
WAS: iS: AT: 
375 mA 315 mA 16 MHz 
420 mA 360 mA 20 MHz 
480 mA 420 mA 25 MHz 

Figures 7, 8, 9, 23, 24, 25 and 26 have also been 
changed accordingly. 


2.8. AC Specifications (pg. 17) 


-004 


25 MHz operation extended to product in PQFP 
package. Ts min. improved at ail frequencies from 
ns to 2 ns and Ts max. improved from 20 ns to 
18 ns. 

Tbh max improvement: 

WAS: iS: AT: 

31ns 28 ns 16 MHz 
26 ns 23 ns 20 MHz 
24 ns 23 ns 25 MHz 


Functional Waveforms 


-004 


Redrawn for clarity. CLK signal drawn with more likely 
phase relationship to CLK2. Open-drain output 
signals drawn to show correct inactive states. 


Various 


-004 


Deleted all references to 10 MHz. Intel no longer 
offers a 10 MHz 80960KA device. 
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80960KB 

EMBEDDED 32-BIT MICROPROCESSOR 

WITH INTEGRATED FLOATING POINT UNIT 



High-Performance Embedded 
Architecture 

— 25 MIPS Burst Execution at 25 l\/IHz 

— 9.4 IVIIPS'' Sustained Execution at 
25l\^Hz 

512-Byte Oh-Chip Instruction Cache 

— Direct Mapped 

— Parallel Load/Decode for Uncached 
Instructions 

Multiple Register Sets 

— Sixteen Global 32^Bit Registers 

— Sixteen Local 32-Bit Registers 

— Four Local Register Sets Stored 
On-Chip 

— Register Scoreboarding 

4 Gigabyte, Linear Address Space 
Pin Compatible with 80960KA 



Built-in Interrupt Controller 

— 31 Priority Levels, 256 Vectors 

— 3.4 jxs Latency @ 25 MHz 

Easy to Use, High Bandwidth 32-Blt Bus 

— 66.7 Mbytes/s Burst 

— Up to 16 Bytes Ti'ansf erred per Burst 

132rLead Packages: 

— Pin Grid Array (PGA) 

— Plastic Quad Flat-Pack (PQFP) 

On-chip Floating Point Unit 

— Supports IEEE 754 Floating Point 
Standard 

— Four 80-Blt Registers 

— 13.6 Million Whetstones/s (Single 
Precision) at 25 MHz 



The 80960KB is a member of Intel's i960® 32-blt processor family, which is designed especially for embedded 
applications. It includes a 512-byte instruction cache, an integrated floating point unit, and a built-in Interrupt 
controller. The 80960KB has a large register set, multiple parallel execution units and a high-bandwidth burst 
bus. Using advanced RISC technology, this high performance processor is capable of execution rates in 
excess of 9.4 million instructions per second*. The 80960KB is well-suited for a wide range of applications 
including non-impact printers, I/O control and specialty instrumentation. 
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Figure 1. The 80960KB Processor's Highly Parallel Architecture 



♦Relative to Digital Equipment Corporation's VAX-1 1 /780 at 1 MIPS (VAX-1 1 is a trademark of Digital Equipment Corporation.) 
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1.0 THE i960® PROCESSOR 

The 80960KB is a member of the 32-bit architecture 
from Intel known as the i960 processor family These 
were especially designed to serve the needs of em- 
bedded applications. The embedded market in- 
cludes applications as diverse as industrial automa- 
tion, avionics, image processing, graphics and net- 
working. These types of applications require high in- 
tegration, low power consumption, quick interrupt re- 
sponse times and high performance. Since time to 
market is critical, embedded microprocessors need 
to be easy to use in both hardware and software 
designs. 



All members of the i960 processor family share a 
common core architecture which utilizes RISC tech- 
nology so that, except for special functions, the fam- 
ily members are object-codq compatible. Each new 
processor in the family adds its own special set of 
functions to the core to satisfy the needs of a specif- 
ic application or range of applications in the embed- 
ded market. 

Software written for the 80960KB will run without 
modification on any other member of the 80960 
Family. It is also pin-compatible with the 80960KA 
and the 80960MC which is a military-grade version 
that supports multitasking, memory management, 
multiprocessing and fault tolerance. 
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Figure 2. 80960KB Programming Environment 
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1 . 1 Key Performance Features 

The 80960 architecture is based oh the most recent 
advances in microprocessor technology and is 
grounded in Intel's long experience in the design 
and manufacture of embedded microprocessors. 
Many features contribute to the 80960KB's excep- 
tional performance: 

1. Large Register Set. Having a large number of 
registers reduces the number of times that a 
processor needs to access memory. Modern 
compilers can take advantage of this feature to 
optimize execution speed. For maximum flexibili- 
ty, the 80960KB provides thirty-two 32-bit regis- 
ters and four 80-bit floating point registers. (See 
Figure 2.) 



2. Fast Instruction Execution. Simple functions 
make up the bulk of instructions in most pro- 
grams so that execution speed can be improved 
by ensuring that these core instructions are exe- 
cuted as quickly as possible. The most frequently 
executed instructions such as register-register 
moves, add/subtract, logical operations and 
shifts execute in one to two cycles. (Table 1 con- 
tains a list of instructions.) 

3. Load/Store Architecture. One way to improve 
execution speed is to reduce the number of times 
that the processor must access memory to per- 
form an operation. As with other processors 
based on RISC technology, the 80960KB has a 
Load/Store architecture. As such, only the LOAD 
and STORE instructions reference memory; all 
other Instructions operate on registers. This type 
of architecture simplifies instruction decoding 
and is used in combination with other techniques 
to increase parallelism. 
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Figure 3. Instruction Formats 
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Table 1. 80960KB Instruction Set 



Data Movement 


Arithmetic 


Logical 


Bit and Bit Field 


Load 


Add 


And 


Set Bit 


Store 


Subtract 


Not And 


Clear Bit 


Move 


Multiply 


And Not 


Not Bit 


Load Address 


Divide 


Or 


Check Bit 




Remainder 


Exclusive Or 


Alter Bit 




Modulo 


Not Or 


Scan For Bit 




Shift 


Or Not 


Scan Over Bit 






Exclusive Nor 


Extract 






Not 


Modify 






Nand 








Rotate 




Comparison 


Branch 


Call/Return 


Fault 


Compare 


Unconditional Branch 


Call 


Conditional Fault 


Conditional Compare 


Conditional Branch 


Call Extended 


Synchronize Faults 


Compare and Increment 


Compare and Branch 


Call System 




Compare and Decrement 




Return 
Branch and Link 




Debug 


lyiiscelianeous 


Decimal 


Floating Point 


Modify Trace Controls 


Atomic Add 


Decimal Move 


Move Real 


Mark 


Atomic Modify 


Decimal Add with Carry 


Add 


Force Mark 


Flush Local Registers 


Decimal Subtract with 


Subtract 




Modify Arithmetic Controls 


Carry 


Multiply 




Scan Byte for Equal 




Divide 




Test Condition Code 




Remainder 




Modify Process Controls 




Scale 

Round 

Square Root 

Sine 

Cosine 

Tangent 

Arctangent 

Log 

Log Binary 

Log Natural 

Exponent 

Classify 

Copy Real Extended 

Compare 






Synchronous 


Conversion 


Synchronous Load 


Convert Real to Integer 






Synchronous Move 


Convert Integer to Real 



1-122 



Intel 



80960KB 



4. Simple Instruction Formats. All instructions in 
the 80960KB are 32 bits long and must be 
aligned on word boundaries. This alignment 
makes it possible to eliminate the instruction 
alignment stage in the pipeline. To simplify the 
instruction decoder, there are only five instruction 
formats; each instruction uses only one format. 
(See Figure 3.) 

5. Overlapped Instruction Execution. Load oper- 
ations allow execution of subsequent instructions 
to continue before the data has been retumed 
from memory, so that these instructions can 
overlap the load. The 80960KB manages this 
process transparently to software through the 
use of a register scoreboard. Conditional instruc- 
tions also make use of a scoreboard so that sub- 
sequent unrelated Instructions may be executed 
while the conditional instruction is pending. 

6. Integer Execution Optimization. When the re- 
sult of an arithmetic execution is used as an oper- 
and in a subsequent calculation, the value is sent 
immediately to its destination register. Yet at the 
same time, the value is put on a bypass path to 
the ALU, thereby saving the time that otherwise 
would be required to retrieve the value for the 
next operation. 

7. Bandwidth Optimizations. The 80960KB gets 
optimal use of its memory bus bandwidth be- 
cause the bus is tuned for use with the on-chip 
instruction cache: instruction cache line size 
matches the maximum burst size for instruction 
fetches. The 80960KB automatically fetches four 
words In a burst and stores them directly in the 
cache. Due to the size of the cache and the fact 
that it is continually filled in anticipation of need- 
ed instructions in the program flow, the 80960KB 
is relatively insensitive to memory wait states. 
The benefit is that the 80960KB delivers out- 
standing performance even with a low cost mem- 
ory system. 

8. Cache Bypass. If a cache miss occurs, the proc- 
essor fetches the needed Instruction then sends 
it on to the instruction decoder at the same time it 
updates the cache. Thus, no extra time is spent 
to load and read the cache. 



1.1.1 MEMORY SPACE AND ADDRESSING 
MODES 

The 80960KB offers a linear programming environ- 
ment so that all programs running on the processor 
are contained in a single address space. Maximum 
address space size is 4 Gigabytes (2^2 bytes). 

For ease of use the 80960KB has a small number of 
addressing modes, but includes all those necessary 
to ensure efficient execution of high-level languages 
such as C. Table 2 lists the modes. 



Table 2. Memory Addressing Modes 



12-Bit Offset 

32-Bit Offset 

Register-Indirect 

Register + 12-Bit Offset 

Register + 32-Bit Offset 

Register + (Index-Register x Scale-Factor) 

Register x Scale Factor 4- 32-Bit 

Displacement 

Register + (Index-Register x Scale-Factor) 
+ 32-Bit Displacement 

Scale-Factor is 1, 2, 4, 8 or 16 




1.1.2 DATATYPES 

The 80960KB recognizes the following data types: 

Numeric: 

• 8-, 16-, 32- and 64-bit ordinals 

• 8-, 16-, 32- and 64-bit integers 

• 32-, 64-, and 80-bit real numbers 

Non-Numeric: 

• Bit 

• Bit Field 

• Triple Word (96 bits) 

• Quad-Word (128 bits) 

1.1.3 LARGE REGISTER SET 

The 80960KB programming environment includes a 
large number of registers. In fact, 32 registers are 
available at any time. The availability of this many 
registers greatly reduces the number of memory ac- 
cesses required to perform algorithms, which leads 
to greater instruction processing speed. 

There are two types of general-purpose registers: 
local and global. The global registers consist of six- 
teen 32-bit registers (GO though G15) and four 80-bit 
registers (FPO through FP3). These registers per- 
form the same function as the general-purpose reg- 
isters provided in other popular microprocessors. 
The term global refers to the fact that these regis- 
ters retain their contents across procedure calls. 
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The locar registers, on the other hand, are proce- 
dure specific. For each procedure call, the 80960KB 
allocates 16 local registers (RO through R15). Each 
local register is 32 bits wide. Any register can also 
be used for single or double precision floating point 
operations; the 80-bit floating point registers are pro- 
vided for extended precision. 

1.1.4 MULTIPLE REGISTER SETS 

To further increase the efficiency of the register set, 
multiple sets of local registers are stored on-chip 
(see Figure 4). This cache holds up to four local reg- 
ister frames, which means that up to three proce- 
dure calls can be made without having to access the 
procedure stack resident in memory. 

Although programs may have procedure calls nest- 
ed many calls deep, a program typically oscillates 
back and forth between only two to three levels. As 
a result, with four stack frames in the cache, the 
probability of having a free frame available on the 
cache when a call Is made is very high. In fact, runs 
of representative C-language programs show that 
80% of the calls are handled without needing to ac- 
cess memory. 

If four or more procedures are active and a new pro- 
cedure is called, the 80960KB moves the oldest lo- 
cal register set in the stack-frame cache to a proce- 
dure stack in memory to make room for a neW set of 
registers. Global register G15 is the frame pointer 
(FP) to the procedure stack. 



G^obal and floating point registers are not ex- 
changed on a procedure call, but retain their con- 
tents, making them available to all procedures for 
fast parameter passing. 

1.1.5 INSTRUCTION CACHE 

To further reduce memory accesses, the 80960KB 
includes; a 512-byte on-chip instruction cache. The 
instruction cache is based on the concept of locality 
of reference; most programs are not usually execut- 
ed in a steady stream but consist of many branches, 
loops and procedure calls that lead to jumping back 
and forth in the same small section of code. Thus, 
by maintaining a block of instructions in cache, the 
number of memory references required to read in- 
structions into the processor is greatly reduced. 

To load the instruction cache, instructions are 
fetched in 1 6-byte blocks; up to four instructions can 
be fetched at one time. An efficient prefetch algo- 
rithm increases the probability that an instruction will 
already be in the cache when It is needed. 

Code for small loops often fits entirely within the 
cache, leading to a great increase in processing 
speed since further memory references might not be 
necessary until the program exits the loop. Similarly, 
when calling short procedures, the code for the call- 
ing procedure is likely to remain in the cache so it 
will be there on the procedure's retum. 
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Figure 4. Multiple Register Sets Are Stored On-Chip 
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1.1.6 REGISTER SCOREBOARDING 

The instruction decoder is optimized in several ways. 
One optimization method is the ability to overlap in- 
structions by using register scoreboarding. 

Register scoreboarding occurs when a LOAD moves 
a variable from memory into a register. When the 
instruction initiates, a scoreboard bit on the target 
register is set. Once the register is loaded, the bit is 
reset. In between, any reference to the register con- 
tents is accompanied by a test of the scoreboard bit 
to ensure that the load has completed before pro- 
cessing continues. Since the processor does not 
need to wait for the LOAD to complete, it can exe- 
cute additional instructions placed between the 
LOAD and the instruction that uses the register con- 
tents, as shown in the following example: 

Id data_2, r4 
Id data_.2, r5 
Unrelated instruction 
Unrelated instruction 
add R4, R5, R6 

In essence, the two unrelated instructions between 
LOAD and ADD are executed "for free" (i.e., take no 
apparent time to execute) because they are execut- 
ed while the register is being loaded. Up to three 
load instructions can be pending at one time with 
three corresponding scoreboard bits set. By exploit- 
ing this feature, system programmers and compiler 
writers have a useful tool for optimizing execution 
speed. 



1.1.7 FLOATING POINT ARITHMETIC 

In the 80960KB, floating point arithmetic has been 
made an integral part of the architecture. Having the 
floating point unit integrated on chip provides two 
advantages. First, it improves the performance of 
the chip for floating point applications, since no addi- 
tional bus overhead is associated with floating point 
calculations, thereby leaving more time for other bus 
operations such as I/O. Second, the cost of using 
floating point operations is reduced because a sepa- 
rate coprocessor chip is not required. 



The processor provides hardware support for both 
mandatory and recommended portions of IEEE 
Standard 754 for floating point arithmetic, including 
all arithmetic, exponential, logarithmic and other 
transcendental functions. Table 3 shows execution 
times for some representative instructions. 

Table 3. Sample Floating Point 
Execution Times (jms) at 25 MHz 



Function 


32-Bit 


64-Bit 


Add 


0.4 


0.5 


Subtract 


0.4 


0.5 


Multiply 


0.7 


1.3 


Divide 


1.3 


2.9 


Square Root 


3.7 


3.9 


Arctangent 


10.1 


13.1 


Exponent 


11.3 


1 12.5 


Sine 


15.2 


16.6 


Cosine 


15.2 


16.6 




1.1.8 HIGH BANDWIDTH LOCAL BUS 

The 80960KB CPU resides on a high-bandwidth ad- 
dress/data bus known as the local bus (L-Bus). The 
L-Bus provides a direct communication path be- 
tween the processor and the memory and I/O sub- 
system interfaces. The processor uses the L-Bus to 
fetch instructions, manipulate memory and respond 
to interrupts. L-Bus features include: 

• 32-bit multiplexed address/data path 

• Four-word burst capability which allows transfers 
from 1 byte to 1 6 bytes at a time 

• High bandwidth reads and writes with 
66.7 MBytes/s burst (at 25 MHz) 

Table 4 defines L-bus sigrial names and functions; 
Table 5 defines other component-support signals 
such as interrupt lines. 



The 80960KB floating point (real number) data types 
include single precision (32-bit), double precision 
(64-bit) and extended precision (80-bit) floating point 
numbers. Any registers may be used to execute 
floating point operations. 
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1.1.9 INTERRUPT HANDLING 

The 80960KB can be interrupted in two ways: by the 
activation of one of four interrupt pins or by sending 
a message on the processor's data bus. 

The 80960KB is unusual in that it automatically han- 
dles interrupts on a priority basis and can keep track 
of pending interrupts through its on-chip interrupt 
controller. Two of the interrupt pins can be confi- 
gured to provide 8259A-style handshaking for ex- 
pansion beyond four interrupt lines. 



1.1.10 DEBUG FEATURES 

The 80960KB has built-in debug capabilities. There 
are two types of breakpoints and six trace modes. 
Debug features are controlled by two intemal 32-bit 
registers: the Process-Controls Word and the Trace- 
Controls Word. By setting bits in these control 
words, a software debug monitor can closely control 
how the processor responds during program execu- 
tion. 

The 80960KB provides two hardware breakpoint 
registers on-chip which, by using a special com- 
mand, can be set to any value. When the instruction 
pointer matches either breakpoint register value, the 
breakpoint handling routine is automatically called. 

The 80960KB alsio provides software breakpoints 
through the use of two instructions: MARK and 
FMARK. These can be placed at any point in a pro- 
gram and cause the processor to halt execution at 
that point and call the breakpoint handling routine. 
The breakpoint mechanism is easy to use and pro- 
vides a powerful debugging tool. 

Tracing is available for instructions (single step exe- 
cution), calls and returns and branching. Each trace 
type may be enabled separately by a special debug 
instruction. In each case, the 80960KB executes the 
instruction first and then calls a trace handling rou- 
tine (usually part of a software debug monitor). Fur- 
ther program execution is halted until the routine 
completes, at which time execution resumes at the 
next instruction. The 80960KB's tracing mecha- 
nisms, implemented completely in hardware, greatly 
simplify the task of software test and debug. 



1.1.11 FAULT DETECTION 

The 80960KB has an automatic mechanism to han- 
dle faults. Fault types include floating point, trace 
and arithmetic faults. When the processor detects a 
fault, it automatically calls the appropriate fault han- 
dling routine and saves the current instruction point- 
er and necessary state information to make efficient 
recovery possible. Like interrupt handling routines, 
fault handling routines are usually written to meet 
the needs of specific applications and are often in- 
cluded as part of the operating system or kernel. 

For each of the fault types, there are numerous sub- 
types that provide specific information about a fault. 
For example, a floating point fault may have the sub- 
type set to an Overflow or Zero Divide fault. The 
fault handler can use this specific information to re- 
spond correctly to the fault. 

1.1.12 BUILT-IN TESTABILITY 

Upon reset, the 80960KB automatically conducts an 
exhaustive internal test of its major blocks of logic. 
Then, before executing its first instruction, it does a 
zero check sum on the first eight words in memory 
to ensure that the memory image was programmed 
correctly. If a problem is discovered at any point dur- 
ing the self-test, the 80960KB asserts it§ FAILURE 
pin and will not begin program execution. Self test 
takes approximately 47,000 cycles to complete. 

System manufacturers can use the 80960KB's self- 
test feature during incoming parts inspection. No 
special diagnostic programs need to be written. The 
test is both thorough and fast. The self-test capabili- 
ty helps ensure that defective parts are discovered 
before systems are shipped and, once in the field, 
the self-test makes it easier to distinguish between 
problems caused by processor failure and problems 
resulting from other causes. 

1.1.13 CHMOS 

The 80960KB is fabricated using Intel's CHMOS IV 
(Complementary High Speed Metal Oxide Semicon- 
ductor) process. The 80960KB is currently available 
in 16, 20 and 25 MHz versions. 
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Table 4. 80960KB Pin Description: L-Bus Signals 



Name 


Type 


Description 


CLK2 


1 


SYSTEM CLOCK provides the fundamental timing for 80960KB systems. It Is divided 
by two Inside the 80960KB and four 80-blt registers (FPO through FP3) to generate 
the Internal processor clock. 


LAD31:0 


I/O 
T.S. 


LOCAL ADDRESS/DATA BUS carries 32-blt physical addresses and data to and 
from memory. During an address (Tq) cycle, bits 2-31 contain a physical word 
address (bits 0-1 indicate SIZE; see below). During a data (Td) cycle, bits 0-31 
contain read or write data. These pins float to a high impedance state when not 
active. 

Bits 0-1 comprise SIZE during a Tg cycle. SIZE specifies burst transfer size in words. 
LAD1 LADO 
1 Word 

1 2 Words 

1 3 Words 
1 1 4 Words 


RLE 



T.S. 


ADDRESS LATCH ENABLE indicates the transfer of a physical address. ALE is 
asserted during a Ta cycle and deasserted before the beginning of the Td state. It is 
active LOW and floats to a high impedance state during a hold cycle (T^). 


ADS 



O.D. 


ADDRESS/DATA STATUS indicates an address state. ADS Is asserted everyja 
state and deasserted during the following Td state. For a burst transaction, ADS is 
asserted again every Td state where READY was asserted in the previous cycle. 


W/R 



O.D. 


WRITE/READ specifies, during a Tg cycle, whether the operation is a write or read. It 
is latched on-chip and remains valid during Td cycles. 


DT/R 



O.D. 


DATA TRANSMIT/RECEIVE indicates the direction of data transfer to and from the 
L-Bus. It is low during Tq and Td cycles for a read or interrupt acknowledgment; It is 
high during Ta and Td cycles for a write. DT/R never changes state when DEN is 
asserted. 


READY 


1 


READY Indicates that data on LAD lines can be sampled or removed. If READY 
is not asserted during a Td cycle, the Td cycle is extended to the next cycle by 
inserting a wait state (T^) and ADS Is not asserted In the next cycle. 


LOCK 


I/O 
O.D. 


BUS LOCK prevents bus masters from gaining control of the L-Bus during Read/ 
Modify/Write (RMW) cycles. The processor or any bus agent may assert LOCK. 

At the start of a RMW operation, the processor examines the LOCK pin. If the pin Is 
already asserted, the processor waits until It is not asserted. If the pin is not asserted, 
the processor asserts LOCK during the Ta cycle of the read transaction. The 
processor deasserts LOCK in the Ta cycle of the write transaction. During the time 
LOCK is asserted, a bus agent can perform a normal read or write but not a RIVIW 
operation. 

The processor also asserts LOCK during interrupt-acknowledge transactions. Do not 
leave LOCK unconnected. It must be pulled high for the processor to function 
properly. 



I/O = Input/Output, O = Output, I = Input, O.D. = Open Drain, T.S. = Tiiree-State 
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Table 4. 80960KB Pin Descrtptiorr: L-Bus Signals (Continued) 



Name 


Type 


Description 


BE3:0 



O.D. 


BYTE ENABLE LINES specify the data bytes (up to four) on the t?us which are used in 
the current bus cycle. BE3 corresponds to LAD31 :24; BEO corresponds to LAD7:0. 

The byte enables are provided in advance of data: 

• Byte enables asserted during Ta specify the bytes of the first data word. 

• Byte enables asserted during Td specify the bytes of the next data word, if any (the 
word to be trs^nsmitted following the next assertion of READY). 


Byte enables that occur during Td cycles that precede the last assertion of READY are 
undefined. Byte enables are latched on-chip and remain constant from one Td cycle to 
the next when READY is not asserted. 

For reads, byte enables specify the byte(s) that the processor will actually use. L-Bus 
agents are required to assert only adjacent byte enables (e.g., asserting Just BEO and 
BE2 is not permitted) and are required to assert at least one byte enable. Address bits 
Ao and A-i can be decoded externally from the byte enables. 


HOLD 


1 


HOLD: A request from an external bus master to acquire the bus. When the processor 
receives HOLD apd graints bus control to another master, it floats its three- state bus 
lines and open-drain control lines, asserts HLDA and enters the Th state. When HOLD 
deasserts, the processor deasserts HLDA and enters the Tj or Tg state. 


HLDA 



T.S. 


HOLD ACKNOWLEDGE: Notifies an external bus master that the processor has 
relinquished control of the bus. 


CACHE 



T.S. 


CACHE indicates when an access is cacheable during a Ta cycle. It is not asserted 
during any synchronous access, such ds a synchronous load or move instruction used 
for sending an lAC message. The CACHE signal floats to a high impedance state 
when the processor is idle. 



I/O = Input/Output, O = Output, I = Input, O.D. = Open Drain, T.S. = Three-State 

Table 5. 80960KB Pin Description: Support Signals 



Name 


Type 


Description 


BADAC 


1 


BAD ACCESS, if asserted in the cycle following the one in which the last READY of a 
transaction is asserted, indicates an unrecoverable error occurred on the current bus 
transaction or a synchronous load/store Instruction has not been acknowledged. 


During system reset the BADAC signal is interpreted differently. If the signal is high, it 
indicates that this processor will perform system initialization. If it is low, another 
processor in the system will perform system initialization instead. 


RESET 


1 


RESET clears the processor's intemal logic and causes it to reinitialize. 


During RESET assertion, the input pins are ignored (except for BADAC and IAC/INTq), 
the three-state output pins are placed in a high impedance state and other output pins 
are placed In their non-asserted states. 

RESET must be asserted for at least 41 CLK2 cycles for a predictable RESET. The 
HIGH to LOW transition of RESET should occur after the rising edge of both CLK2 and 
the extemal bus clock and before the next rising edge of CLK2. 



I/O = Input/Output, O = Output, I = Input, O.D. = Open Drain, T.S. = Three-State 
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Table 5. 80960KB Pin Description: Support Signals (Continued) 



Name 


Type 


Description 


FAILURE 



O.D. 


INITIALIZATION FAILURE indicates that the processor did not initialize correctly. 


After RESET deasserts and before the first bus transaction begins, FAILURE 
asserts while the processor performs a self-test. If the self-test completes 
successfully, then FAILURE deasserts. The processor then performs a zero 
checksum on the first eight words of memory. If it fails, FAILURE asserts for a 
second time and remains asserted. If it passes, system initialization continues and 
FAILURE remains deasserted. 


lAC/INTo 


1 


INTERAGENT COMMUNICATION REQUEST/INTERRUPT indicates an lAC 
message or an interrupt is pending. The bus interrupt control register determines 
how the signal is interpreted. To signal ah interrupt or lAC request in a synchronous 
system, this pin— as well as the other interrupt pins— must be enabled by being 
deasserted for at least one bus cycle and then asserted for at least one additional 
bus cycle. In an asynchronous system the pin must remain deasserted for at least 
two bus cycles and then asserted for at least two more bus cycles. 

During system reset, this signal must be in the logic high condition to enable 
normal processor operation. The logic low condition is reserved. 


INTi 


1 


INTERRUPT 1, like INTq, provides direct interrupt signaling. 


INT2/INTR 


1 


INTERRUPT 2/INTERRUPT REQUEST: The interrupt control register determines 
how this pin is interpreted. If INT2, it has the same interpretation as the INTq and 
INT1 pins. If INTR, it is used to receive an interrupt request from an external 
interrupt controller. 


INT3/INTA 


I/O 
O.D. 


INTERRUPT 3/INTERRUPT ACKNOWLEDGE: The bus interrupt control register 
determines how this pin is interpreted. If INT3, it has the same interpretation as the 
INTq INT1 and INT2 pins. If INTA, it is used as an output to control interrupt- 
acknowledge transactions. The INTA output is latched on-chip and remains valid 
during T^ cycles; as an output, it is open-drain. 


N.C. 


N/A 


NOT CONNECTED indicates pins should not be connected. Never connect any pin 
marked N.C. as these pins may be reserved for factory use. 




I/O = Input/Output, O = Output, I = Input, O.D. = Open Drain, T.S. = Three-State 



2.0 ELECTRICAL SPECIFICATIONS 



2.1 Power and Grounding 

The 80960KB is Implemented in CHMOS IV technol- 
ogy and therefore has modest power requirements. 
Its high clock frequency and numerous output buff- 
ers (address/data, control, error and arbitration sig- 
nals) can cause power surges as multiple output 
buffers simultaneously drive new signal levels. For 
clean on-chip power distribution, Vcc and Vss pins 
separately feed the device's functional units. Power 
and ground connections must be made to all 
80960KB power and ground pins. On the circuit 



board, all Vcc P'^^s must be strapped closely togeth- 
er, preferably on a power plane; all Vss pins should 
be strapped together, preferably on a ground plane. 



2.2 Power Decoupling 
Recommendations 

Place a liberal amount of decoupling capacitance 
near the 80960KB. When driving the L-bus the proc- 
essor can cause transient power surges, particularly 
when connected to a large capacitive load. 
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Low inductance capacitors and interconnects are 
recommended for best higli frequency electrical per- 
formance. Inductance is reduced by shortening 
board traces between the processor and decoupling 
capacitors as much as possible. 



2.3 Connection Recommendations 

For reliable operation, always connect unused in- 
puts to an appropriate signal level. In particular, if 
one or more interrupt lines are not used, they should 
be pulled up. No inputs should ever be left floating. 

All open-drain outputs require a puilup device. While 
in most cases a simple puilup resistor is adequate, a 
network of puilup and pulldown resistors biased to a 
valid V|H (>3.0V) and terminated in the characteris- 
tic impedance of the circuit board is recommended 
to limit noise and AC power consumption. Figure 6 
and Figure 6 show recommended values for the re- 
sistor network for low and high current drive, assum- 
ing a characteristic impedance of 10011. Terminating 
output signals in this fashion limits signal swing and 
reduces AC power consumption. 

NOTE: 

Do not connect external logic to pins marked N.C. 



Open Drain Output 



220n 



33on 



Low Drive Network: 

VoH = 3.0V 
Iql = 20.7 mA 



Figure 5. Connection Recommendations for 
Low Current Drive Networl( 
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Open-Drain Output 



i8on 



390n 
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High Drive Networic: 

VoH = 3.4V 
Iql = 25.3 mA 



Figure 6. Connection Recommendations for 
High Current Drive Networic 

2.4 Characteristic Curves 

Figure 7 shows typical supply current requirements 
over the operating temperature range of the proces- 
sor at supply vpltage (Vcc) oi 5V. Figure 8 and Fig- 
ure 9 show the typical power supply current (Ice) 
that the 80960KB requires at various operating fre- 
quencies when measured at three input voltage 
(Vcc) levels arid two temperatures. 

For a given output current (Iql) the curve in Figure 
10 shows the worst case output low voltage (Vql)- 
Figure 1 1 shows the typical capacitive derating 
curve for the 80960KB measured from 1 .5V on the 
system clock (CLK) to 1 .5V on the falling edge and 
1 .5V on the rising edge of the L-Bus address/data 
(LAD) signals. 
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Figure 7. Typical Suppiy Current vs Case Temperature 
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Figure 8. Typicai Current vs Frequency (Room Temp) 
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Figure 9. Typical Current vs Frequency (Hot Temp) 



(Temp = +85X, Vcc = 4.5V) 




>■ 

^ 0.6 
o 

_j 
o 

\" 

ZD 

Q: 0.2 

zj 
o 

0.0 
C 










y 








X 


X 




^ 


^ 


















10 20 30 40 5 
OUTPUT LOW CURlRENT (mA) 

270 



565-10 



(Temp 


= +85°C,Vcc = 4.5V) 




TRI-STATE OUTPUT VALID DELAY (ns 
o cfl o cn o cn c 


FAL 


LING 




^ 


..^ 






\^ 




^^ 


^^ 






.*-*-s 


Risir 


»IG 


































20 40 60 80 1C 
CAPACITIVE LOAD (pF) 

270 


)0 
565-11 



Figure 10. Worst-Case Voltage vs Output Current 
on Open-Drain Pins 



Figure 11. Capacftive Derating Curve 
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2.5 Test Load Circuit 

Figure 1 2 illustrates the load circuit used to test the 
80960KB's three-state pins; FIgufe 13 shows the 
load circuit used to test the open drain outputs. The 
open drain test uses an active load circuit in the form 
of a matched diode bridge. Sinc^ the open-drain out- 
puts sink current, only the Iql legs of the bridge are 
necessary and the Iqh '©QS are not used. When the 
80960KB driver under test is turned off, the output 
pin is pulled-up to Vref 0-©.. Vqh)- Diode Di is 
turned off and the Iql current source flows through 
diode D2. 

When the 80960KB open-drain driver under test is 
on, diode Di Is also on and the voltage on the pin 
being tested drops to Vql- Diode D2 turns off and 
Iql ^Iows through diode Di. 



80960KB 
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z 


<7 
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NOTE: 


Cl = 50 pF for all signals 



Figure 12. Test Load Circuit for 
Three-State Output Pins 



Open-Drain Output 



1 



NOTES: 

Iql Tested at 25 mA 
Vref = Vcc 
D-j and D2 are matched 
Cl = 50 pF for all 




Figure 13. Test Load Circuit for 
Open-Drain Output Pins 



1-133 



80960KB 



3.0 ABSOLUTE MAXIMUM RATINGS 

Operating Temperature 

PGA O^'Cto +85"CCase 

PQFP OX to + 100**C Case 

Storage Temperature -65*'C to + 150°C 

Voltage on Any Pin -0.5V to Vcc + 0.5V 

Power Dissipation 2.5W (25 MHz) 



Intel 



NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 



* WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recomrnended and ex- 
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 



3. 1 DC Characteristics 



PGA: 



80960KB (16 MHz) Tqase = 0°C to +85"C, Vcc = 5V ±10% 
80960KB (20 and 25 MHz) Tcase = 0°C to +85°C, Vcc = 5V ±5% 
PQFP: 80960KB (16 MHz) Tcase "= OX to +100°C, Vcc - 5V ±10% 

80960KB (20 and 25 MHz) Tcase = OX to +100X, Vcc = 5V ±5% 

Table 6. DC Characteristics 



Symbol 


Parameter 


Min 


Max 


Units 


Notes 


V|L 


Input Low Voltage 


-0.3 


+ 0.8 


V 




V|H 


Input High Voltage 


2.0 


Vcc + 0.3 


V 




Vol 


CLK2 Input Low Voltage 


-0.3 


+ 0.8 


V 




VCH 


CLK2 Input High Voltage 


0.55 Vcc 


Vcc + 0.3 


V 




Vol 


Output Low Voltage 




0.45 


V 


(1.2) 


Vqh 


Output High Voltage 


2.4 




V 


(3.4) 


Ice 


Power Supply Current: 
16 MHz 
20 MHz 
25 MHz 




315 
360 
420 


mA 
mA 
mA 


(5) 
(5) 
(5) 


III 


Input Leakage Current 




±15 


^A 


^ V,N ^ Vcc 


Ilo 


Output Leakage Current 




±15 


ftA 


0.45 ^ Vo ^ Vcc 


C|N 


Input Capacitance 




10 


PF 


fc = 1 MHz(6) 


Co 


Output Capacitance 




12 


PF 


fc = 1 MHz(6) 


CCLK 


Clock Capacitance 




10 


pF 


fc = 1 MHz(6) 



NOTES: 

1 . For three-state outputs, this parameter is measured at: 

Addresss/Data 4.0 mA 

Controls 5.0 mA 

2. For open-drain outputs 25 mA 

3. This parameter is measured at: 

Address/Data - 1 .0 mA 

Controls -0.9 mA 

ALE -5.0 mA 

4. Not measured on open-drain outputs. 

5. Measured at worst case frequency, Vcc snd temperature, with device operating and outputs loaded to the test conditions 
in Figures 12 and 13. Figure 7, Figure 8 and Figure 9 indicate typical values. 

6. Input, output and clock capacitance are not tested. ^ 



1-134 



Intel 



80960KB 



3.2 AC Specif ications 

This section describes tlie AC specifications for the 
80960KB pins. All input and output timings are spec- 
ified relative to the 1.5V level of the rising edge of 
CLK2. For output timings the specifications refer to 
the time it takes the signal to reach 1 .5V. 



For Input timings the specifications refer to the time 
at which the signal reaches (for input setup) or 
leaves (for hold time) the TTL levels of LOW (0.8V) 
or HIGH (2.0V). All AC testing should be done with 
input voltages of 0.4V and 2.4V, except for the clock 
(CLK2), which should be tested with input vpltages 
of 0.45V and 0.55 Vcc- 



EDGE 



.8V »--/ V 



OUTPUTS: 
LAD31:0 

ADS 

W/R. DEN 

BE3:0 

HLDA 

CACH E 

LOCK, INTA 



DT/R 



INPUTS: 
LAD31:0 
BADAC 

lAC/lNTO, INT1 ^ 

INT2/INTR, INT3 



HOLD 
LOCK 
READY 





Figure 14. Drive Levels and Timing Relationships for 80960KB Signals 
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3.2.1 AC SPECIRCATION TABLES 

Table 7. 80960KB AC Characteristics (16 l\/IHz) 



Symboi 


Parameter 


Min 


Max 


Units 


Notes 


INPUT CLOCK 


Ti 


Processor Clock Period (CLK2) 


31.25 


125 


ns 


V,N=1.5V 


T2 


Processor Clock Low Time (CLK2) 


8 




ns 


V|L= 10% Point = 1.2V 


T3 


Processor Clock High Time (CLK2) 


8 




ns 


V|H = 90% Point = 0.1 V + 0.5 Vcc 


T4 


Processor Clock Fall Time (CLK2) 




10 


ns 


V|N = 90% Point to 10% Pointd) 


T5 


Processor Clock Rise Time (CLK2) 




10 


ns 


V|N = 10% Point to 90% PointO) 


SYNCHRONOUS OUTPUTS 


Te 


Output Valid Delay 


2 


25 


ns 




T6H 


HLDA Output Valid Delay 


4 


28 


ns 




T7 


ALE Width 


15 




ns 




Te 


ALE Output Valid Delay 


2 


18 


ns 




Tq 


Output Float Delay 


2 


20 


ns 


(2) 


Tqh 


HLDA Output Float Delay 


4 


20 


ns 


(2) 


SYNCHRONOUS INPUTS 


Tio 


Input Setup 1 


3 




ns 


(3) 


Tii 


Input Hold 


5 




ns 


(3) 


TliH 


HOLD Input Hold 


4 




ns 


(3) 


Ti2 


Input Setup 2 


8 




ns 


(3) 


Ti3 


Setup to ALE Inactive 


10 




ns 




Ti4 


Hold after ALE Inactive 


8 




ns 




Ti5 


Reset Hold 


3 




ns 


(3) 


Ti6 


Reset Setup 


5 




ns 


(3) 


Ti7 


Reset Width 


1281 




ns 


41 CLK2 Periods Minimum 



NOTES: 

1 . Clock rise and tall times are not tested. 

2. A float condition occurs when the maximum output current becomes less than Ilq. Float delay is not tested; however, it 
should no t be long er than the va lid d elay. \ 

3. LAD31:0, BADAG, HOLD, ETOR and READY are synchronous inputs. IAC/INTq, INTi, INTa/INTp and INT3 may be 
synchronous or asynchronous. 
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Table 8. 80960KB AC Characteristics (20 lyilHz) 



Symbol 


Parameter 


Min 


Max 


Units 


Notes 


INPUT CLOCK 


Ti 


Processor Clock Period (CLK2) 


25 


125 


ns 


V,N=1.5V 


T2 


Prbcessor Clock Low Time (CLK2) 


6 




ns 


V|L= 10% Point = 1.2V 


T3 


Processor Clock High Time (CLK2) 


6 




ns 


V|H = 90% Point =^ 0.1 V + 0.5 Vcc 


T4 


Processor Clock Fall Time (CLK2) 




10 


ns 


V|N = 90% Point to 10% Pointd) 


T5 


Processor Clock Rise Time (CLK2) 




10 


ns 


V|N = 10% Point to 90% Point(i) 


SYNCHRONOUS OUTPUTS 


Te 


Output Valid Delay 


2 


20 


ns 




T6H 


HLDA Output Valid Delay 


4 


23 


ns 




Ty 


ALE Width 


12 




ns 




Te 


AUE Output Valid Delay 


2 


18 


ns 




Tg 


Output Float Delay 


2 


20 


ns 


(2) 


T9H 


HLDA Output Float Delay 


4 


20 


ns 


(2) 


SYNCHRONOUS INPUTS 


Tio 


Input Setup 1 


3 




ns 


(3) 


T11 


Input Hold 


5 




ns 


(3) 


Tl1H 


HOLD Input Hold 


4 




ns 


(3) 


Tl2 


input Setup 2 


7 




ns 


(3) 


Ti3 


Setup to ALE Inactive 


10 




ns 




Ti4 


Hold after ALE Inactive 


8 




ns 




Ti5 


Reset Hold 


3 




ns 




Ti5 


Reset Setup 


5 




ns 




Ti7 


Reset Width 


1025 




ns 


41 CLK2 Periods Minimum 




NOTES: 

1 . Clock rise and fall times are not tested. 

2. A float condition occurs when the maximum output current becomes less than Ilq- Float delay is not tested; however, it 
should no t be long er than the va lid d elay. 

3. LAD31:0, BADAG, HOLD, EDCR and READY are synchronous inputs. IAC/INTq, INTi, INT2/INTr and INT3 may be 
synchronous or asynchroncous. 
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Table 9. 80960KB AC Characteristics (25 MHz) 



Symbol 


Parameter 


Min 


Max 


Units 


Notes 


INPUT CLOCK 


Ti 


Processor Clock Period (CLK2) 


20 


126 


ns 


V,N = 1.5V 


T2 


Processor Clock Low Time (GLK2) 


5 




ns 


V|L= 10% Point = 1.2V 


T3 


Processor Clock High Time (CLK2) 


5 




ns 


V|H = 90% Point = 0.1 V + 0.5 Vqc 


T4 


Processor Clock Fall Time (CLK2) 




10 


ns 


V|N = 90% Point to 10% Pointd) 


T5 


Processor Clock Rise Time (CLK2) 




10 


ns 


V|N = 10% Point to 90% Pointd) 


SYNCHRONOUS OUTPUTS 


Te 


Output Valid Delay 


2 


18 


ns 




T6H 


HLDA Output Valid Delay 


4 


23 


ns 




T7 


ACE Width 


12 




ns 




T8 


Ad Output Valid Delay 


2 


18 


ns 




T9 


Output Float Delay 


2 


18 


ns 


(2) 


T9H 


HLDA Output Float Delay 


4 


20 


ns 


(2) 


SYNCHRONOUS INPUTS 


Tio 


Input Setup 1 


3 




ns 


(3) 


Tii 


Input Hold 


5 




ns 


(3) 


TiiH 


HOLD Input Hold 


4 




ns 




Ti2 


Input Setup 2 


7 




ns 




Ti3 


Setup to ALE Inactive 


8 




ns 




T14 


Hold after ALE Inactive 


8 




ns 




Ti5 


Reset Hold 


3 




ns 




T16 


Reset Setup 


5 




ns 




T17 


Reset Width 


820 




ns 


41 CLK2 Periods Minimum 



NOTES: 

1 . Clock rise and tall times are not tested. 

2. A float condition occurs when the maximum output current becomes less than Ilo- Float delay is not tested; however, it 
should no t be long er than the va lid d elay. 

3. LAD31:0. BADAC. HOLD, L5SK and READY are synchronous Inputs. IaS/INTo, INTi,. INT2/INTR and INT3 may be 
synchronous or asynchronous. 
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Figure 15. Processor Clock Pulse (CLK2) 
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Ti5 = RESET HOLD 
Ti6 = RESET SETUP 
Ti7 = RESET WIDTH 



Figure 16. RESET Signal Timing 
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3.3 Mechanical Data 



3.3.1 PACKAGING 

The 80960KB is available in two package types: 

• 132-lead ceramic pin-grid array (PGA). Pins are 
arranged 0.100 inch (2.54 mm) center-to-center, 
in a 14 by 14 matrix, three rows around (see Fig- 
ure 17). 

• 132-lead plastic quad flat pack (PQFP). This 
package uses fine-pitch gull wing leads arranged 
in a single row along the package perimeter with 
0.025 inch (0.64 mm) spacing (see Figure 20). 

Dimensions for both package types are given in the 
Intel Packaging handbook (Order #240800). 



3.3.2 PIN ASSIGNMENT 

The PGA and PQFP have different pin assignments. 
Figure 18 shows the view from the PGA bottom (pins 
facing up) and Figure 1 9 shows a view from the PGA 
top (pins facing down). Figure 20 shows the PQFP 
package; Figure 21 shows the PQFP pinout with sig- 
nal names. Notice that the pins are numbered in or- 
der from 1 to 132 around the package perimeter. 
Table 10 and Table 1 1 list the function of each PGA 
pin; Table 12 and Table 13 list the function of each 
PQFP pin. 
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Figure 17. 132-Lead Pin-Grid Array (PGA) Package 
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Figure 18. 80960KB PGA Pinout— View from Bottom (Pins Facing Up) 
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Figure 19. 80960KB PGA Pinout— View from Top (Pins Facing Down) 
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Figure 20. 80960KB 132-Lead Plastic Quad Flat-Pacic (PQFP) Package 
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Figure 21. PQFP Pinout— View from Top 



1-143 



80960KB 




3.4 Pinout 



Table 10. 80960KB PGA Pinout— In Pin Order 



Pin 


Signal 


A1 


Vcc 


A2 


Vss 


A3 


LADi9 


A4 


LADi7 


A5 


LAD16 


A6 


LAD14 


A7 


LAD11 


A8 


LAD9 


A9 


LAD7 


A10 


LAD5 


A11 


LAD4 


A12 


LADi 


A13 


INT2/INTR 


A14 


Vcc 


B1 


LAD23 


B2 


LAD24 


B3 


LAD22 


84 


LAD21 


86 


LAD18 


86 


LAD15 


87 


LAD12 


88 


LAD10 


89 


LADe 


810 


LAD2 


811 


CLK2 


812 


LADo 


813 


RESET 


814 


Vss 


CI 


HOLD 


C2 


LAD25 


C3 




8ADAC 


C4 


Vcc 


C5 


Vss 



Pin 


Signal 


C6 


LAD20 


C7 


LAD13 


C8 


LADe 


C9 


LAD3 


C10 


Vcc 


C11 


Vss 


CI 2 


INT3/INTA 


CI 3 


INTt 


C14 


lAC/INTo 


D1 


ALE 


D2 


ADS 


D3 


HLDA 


D12 


Vcc 


D13 


N.C. 


D14 


N.C. 


El 


LAD28 


E2 


LAD26 


E3 


LAD27 


E12 


N.C. 


E13 


Vss 


E14 


N.C. 


F1 


LAD29 


F2 


LAD31 


F3 


CACHE 


F12 


N.C. 


F13 


N.C. 


F14 


N.C. 


G1 


LAD30 


G2 




READY 


G3 


BEi 


G12 


N.C. 


G13 


N.C. 


G14 


N.C. 



Pin 


Signal 


H1 


W/R 


H2 


BEo 


H3 




LOCK 


H12 


N.C. 


H13 


N.C. 


H14 


N.C. 


J1 


DT/R 


J2 


BE2 


J3 


Vss 


J12 


N.C. 


J13 


N.C. 


J14 


N.C. 


K1 


BE3 


K2 




FAILURE 


K3 


Vss 


K12 


Vcc 


K13 


N.C. 


K14 


N.C. 


L1 


DEN 


L2 


N.C. 


L3 


Vcc 


L12 


Vss 


L13 


N.C. 


LI 4 


N.C. 


M1 


N.C. 


M2 


Vcc 


M3 


Vss 


M4 


Vss 


M5 


Vcc 


MB 


N.C. 


M7 


N.C. 


M8 


N.C. 


M9 


N.C. 



Pin 


Signal 


M10 


Vss 


M11 


Vcc 


M12 


N.C. 


M13 


N.C. 


M14 


N.C. 


N1 


Vss 


N2 


N.C. 


N3 


N.C. 


N4 


N.C. 


N5 


N.C. 


N6 


N.C. 


N7 


N.C. 


N8 


N.C. 


N9 


N.C. 


N10 


N.C. 


N11 


N.C. 


N12 


N.C. 


N13 


N.C. 


N14 


N.C. 


PI 


Vcc 


P2 


N.C. 


P3 


N.C. 


P4 


N.C. 


P5 


N.C. 


P6 


N.C. 


P7 


N.C. 


P8 


N.C. 


P9 


N.C. 


P10 


N.C. 


P11 


N.C. 


P12 


N.C. 


P13 


Vss 


P14 


Vcc 



NOTE: 

Do not connect any external logic to any pins marked N.C. 
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Table 11. 80960KB PGA Pinout— In Signal Order 



Signal 


Pin 


ADS 


D2 


ALE 


D1 




C3 


BADAC 


BEo 


H2 


BEi 


G3 


BE2 


J2 


BE3 


K^ 


CACHE 


F3 


CLK2 


B11 


DEN 


LI 


DT/R 


J1 




K2 


FAILURE 


HLDA 


D3 


HOLD 


CI 


lAC/INTo 


C14 


INTi 


C13 


INT2/INTR 


A13 


INT3/INTA 


C12 


LADo 


812 


LADi 


A12 


LAD2 


810 


LAD3 


C9 


LAD4 


All 


LAD5 


AID 


LADe 


89 


LAD7 


A9 


LADe 


C8 


LAD9 


A8 


LAD10 


88 


LADti 


A7 


LAD12 


87 


LAD13 


C7 


LAD14 


AG 



Signal 


Pin 


LAD15 


86 


LAD16 


A5 


LAD17 


A4 


LAD18 


85 


LAD19 


A3 


LAD20 


C6 


LAD21 


84 


LAD22 


83 


LAD23 


81 


LAD24 


82 


LAD25 


C2 


LAD26 


E2 


LAD27 


E3 


LAD28 


El 


LAD29 


F1 


LAD30 


G1 


LAD31 


F2 




H3 


LOCK 


N.C. 


D13 


N.C. 


D14 


N.C. 


E12 


N.C. 


E14 


N.C. 


F12 


N.C. 


F13 


N.C. 


F14 


N.C. 


G12 


N.C. 


G13 


N.C. 


G14 


N.C. 


H12 


N.C. 


H13 


N.C. 


H14 


N.C. 


J12 


N.C. 


J13 



Signal 


Pin 


N.C. 


J14 


N.C. 


K13 


N.C. 


K14 


N.C. 


LI 3 


N.C. 


L14 


N.C. 


Ml 


N.C. 


M6 


N.C. 


M7 


N.C. 


M8 


N.C. 


M9 


N.C. 


M12 


N.C. 


M13 


N.C. 


M14 


N.C. 


N2 


N.C. 


N3 


N.C. 


N4 


N.C. 


N5 


N.C. 


N6 


N.C. 


N7 


N.C. 


N8 


N.C. 


N9 


N.C. 


N10 


N.C. 


Nil 


N.C. 


N12 


N.C. 


N13 


N.C. 


N14 


N.C. 


P2 


N.C. 


P3 


N.C. 


P4 


N.C. 


P5 


N.C. 


P6 


N.C. 


P7 


N.C. 


P8 



Signal 


Pin 


N.C. 


P9 


N.C. 


PIG 


N.C. 


P11 


N.C. 


P12 


N.C. 


L2 


READY 


G2 


RESET 


813 


Vcc 


A1 


Vcc 


A14 


Vcc 


C4 


Vcc 


CIO 


Vcc 


D12 


Vcc 


K12 


Vcc 


L3 


Vcc 


M2 


Vcc 


M5 


Vcc 


Mil 


Vcc 


PI 


Vcc 


P14 


Vss 


A2 


Vss 


814 


Vss 


C5 


Vss 


C11 


Vss 


Ell 


Vss 


J3 


Vss 


K3 


Vss 


L12 


Vss 


M3 


Vss 


M4 


Vss 


M10 


Vss 


N1 


Vss 


P13 


W/R 


HI 



NOTE: 

Do not connect any external logic to any pins marked N.C. 
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Table 12. 80960KB PQFP Pinout-^ln Pin Order 



Pin 


Signal 


1 


HLDA 


2 


ALE 


3 


LAD26 


4 


LAD27 


5 


LAD28 


6 


LAD29 


7 


LAD30 


8 


LAD31 


9 


Vss 


10 


CACHE 


11 


W/R 


12 




READY 


13 


DT/R 


14 


BEo 


15 


BEi 


16 


BE2 


17 


BE3 


18 


FAILURE 


19 


Vss 


20 




LOCK 


21 


DEN 


22 


Vss 


23 


Vss 


24 


N.C. 


25 


N.C. 


26 


Vss 


27 


Vss 


28 


N.C. 


29 


Vcc 


30 


Vcc 


31 


N.C. 


32 


Vss 


33 


Vss 



Pin 


Signal 


34 


N.C. 


36 


Vcc 


36 


Vcc 


37 


N.C. 


38 


N.C. 


39 


N.C. 


40 


N.C. 


41 


Vcc 


42 


Vss 


43 


N.C. 


44 


N.C. 


45 


N.C. 


46 


N.C. 


47 


N.C. 


48 


N.C. 


49 


N.C. 


50 


N.C. 


51 


N.C. 


52 


Vss 


53 


Vss 


54 


N.C. 


55 


Vcc 


56 


Vcc 


57 


Vss 


58 


N.C. 


59 


N.C. 


60 


N.C. 


61 


N.C. 


62 


N.C. 


63 


N.q. 


64 


N.C. 


65 


N.C. 


66 


N.C. 



Pin 


Signal 


67 


Vss 


68 


Vss 


69 


N.C. 


70 


Vcc 


71 


Vcc 


72 


N.C. 


73 


Vss 


74 


Vcc 


75 


N.C. 


76 


N.C. 


77 


N.C. 


78 


N.C. 


79 


Vss 


80 


Vss 


81 


N.C. 


82 


Vcc 


83 


Vcc 


84 


Vss 


85 


lAC/INTo 


86 


INT1 


87 


INT2/INTR 


88 


INT3/INTA 


89 


N.C. 


90 


Vss 


91 


CLK2 


92 


Vcc 


93 


RESET 


94 


N.C. 


95 


N.C. 


96 


N.C. 


97 


N.C. 


98 


N.C. 


99 


Vss 



Pin 


Signal 


100 


LADo 


101 


LADi 


102 


LAD2 


103 


Vss 


104 


LAD3 


105 


LAD4 


106 


LAD5 


107 


LADe 


108 


LAD7 


109 


LADs 


110 


LAD9 


111 


LAD10 


112 


LAD11 


113 


LAD12 


114 


Vss 


115 


LAD13 


116 


LAD14 


117 


LAD15 


118 


LAD16 


119 


LAD17 


120 


LAD18 


121 


LAD19 


122 


LAD20 


123 


LAD21 


124 


LAD22 


125 


Vss 


126 


LAD23 


127 


LAD24 


128 


LAD25 


129 




BADAC 


130 


HOLD 


131 


N.C. 


132 


ADS 



NOTE: 

Do not connect any external logic to any pins marked N.C. 
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Table 13. 80960KB PQFP Pinout— In Signal Order 



Signal 


Pin 


ADS 


132 


ALE 


2 


BADAC 


129 


BEo 


14 


BEi 


15 


BE2 


16 


BE3 


17 


CACHE 


10 


CLK2 


91 


DEN 


21 


DT/R 


13 




18 


FAILURE 


HLDA 


1 


HOLD 


130 


lAC/iFiTo 


85 


INT1 


86 


INT2/INTR 


87 


INT3/INTA 


88 


LADo 


100 


LADi 


101 


LAD2 


102 


LAD3 


104 


LAD4 


105 


LAD5 


106 


LADg 


107 


LAD7 


108 


LADs 


109 


LADq 


110 


LAD10 


111 


LAD11 


112 


LAD12 


113 


LAD13 


115 


LAD14 


116 



Signal 


Pin 


LAD15 


117 


LAD16 


118 


LAD17 


119 


LAD18 


120 


LAD19 


121 


LAD20 


122 


LAD21 


123 


LAD22 


124 


LAD23 


126 


LAD24 


127 


LAD25 


128 


LAD26 


3 


LAD27 


4 


LAD28 


5 


LAD29 


6 


LAD30 


7 


LAD31 


8 


LOCK 


20 


N.C. 


24 


N.C. 


25 


N.C. 


28 


N.C. 


31 


N.C. 


34 


N.C. 


37 


N.C. 


38 


N.C. 


39 


N.C. 


40 


N.C. 


43 


N.C. 


44 


N.C. 


45 


N.C. 


46 


N.C. 


47 


N.C. 


48 



Signal 


Pin 


N.C. 


49 


N.C. 


50 


N.C. 


51 


N.C. 


54 


N.C. 


58 


N.C. 


59 


N.C. 


60 


N.C. 


61 


N.C. 


62 


N.C. 


63 


N.C. 


64 


N.C. 


65 


N.C. 


66 


N.C. 


69 


N.C. 


72 


N.C. 


75 


N.C. 


76 


N.C. 


11 


N.C. 


78 


N.C. 


81 


N.C. 


89 


N.C. 


94 


N.C. 


95 


N.C. 


96 


N.C. 


97 


N.C. 


98 


N.C. 


131 




12 


READY 


RESET 


93 


Vcc 


29 


Vcc 


30 


Vcc 


35 


Vcc 


36 



Signal 


pin 


Vcc 


41 


Vcc 


55 


Vcc 


56 


Vcc 


70 


Vcc 


71 


Vcc 


74 


Vcc 


82 


Vcc 


83 


Vcc 


92 


Vss 


9 


Vss 


19 


Vss 


22 


Vss 


23 


Vss 


26 


Vss 


27 


Vss 


32 


Vss 


33 


Vss 


42 


Vss 


52 


Vss 


53 


Vss 


57 


Vss 


67 


Vss 


68 


Vss 


73 


Vss 


79 


Vss 


^ 80 


Vss 


84 


Vss . 


90 


Vss 


99 


Vss 


103 


Vss 


114 


Vss 


125 


W/R 


11 



NOTE: 

Do not connect any external logic to any pjns marked N.C. 
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3.4.1 PACKAGE THERMAL SPECIFICATION 

The 80960KB Is specified for operation when case 
temperatures within the range O'^C to 85°C (PGA) or 
0*C to 100°C (PQFP). Measure case temperature at 
the top center of the package. Ambient temperature 
can be calculated from: 

Tj = Tc + P * Bjc 

To = Ta + P * [djA - Ojc] 

Values for ^ja and ^jc for various airflows are given 
in Table 14 for the PGA package and in Table 15 for 
the PQFP package. The PGA's 0ja can be reduced 
by adding a heatslnk. For the PQFP, however, a 
heatsink is not generally used since the device is 
intended to be surface mounted. 



Maximum allowable ambient temperature (Ta) per- 
mitted without exceeding Tc is shown by the gr;aphs 
in Figures 23, 24, 25 and 26. The curves assume the 
maximum permitted supply current (Ice) at each 
speed, Vcc of + 5.0V and a Tqase of + 85"C (PGA) 
or +100"C(PQFP). 

If the 80960KB is to be used in a harsh environment 
where the ambient temperature may exceed the lim- 
its for the normal commercial part, consider using an 
extended temperature device. These components 
are designated by the prefix "TA" and are available 
at 16, 20 and 25 MHz in the ceramic PGA package. 
Extended operating temperature range is -40°C to 
+ 125*^0 (case). 

Figure 26 shows the maximum allowable ambient 
temperature for the 20 MHz extended temperature 
TA80960KB at various airflows. The curve assumes, 
an Ice oi 420 mA, Vcc of 5.0V and a Tcase of 
+ 125^0. 



Table 14. 80960KB PGA Package Thermal Characteristics 



Thermal Resistance— X/Watt 



Parameter 


Airflow— ft./min (m/sec) 



(0) 


50 
(0.25) 


100 
(0.50) 


200 
(1.01) 


400 
(2.03) 


600 
(3.04) 


800 
(4.06) 


e Junction-to-Case 


2 


2 


2 


2 


2 


2 


2 


$ Case-to-Ambient 
(No Heatsink) 


19- 


18 


17 


15 


12 


10 


9 


e Ca^e-to-Amblent 

(Omnidirectional 

Heatsink) 


16 


15 


14 


12 


9 


7 


6 


6 Case-to-Ambient 

(Unidirectional 

Heatsink) 


15 


14 


13 


11 


8 


6 


5 



NOTES: 

1 . This table applies to 80960KB PGA plugged into socket or soldered direct- 
ly to board. 

2. ^JA = ^JC + ^CA 

3. ^j-CAP = 4''C/W (approx.) 

^J-PIN == 4'*C/W (Inner pins) (approx.) 
^J-PIN ^ 8*C/W (outer pins) (approx.) 



DDD 



DO 
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Table 15. 80960KB PQFP Package Thermal Characteristics 



Thermal Resistance— °C/Watt 



Parameter 


Airflow— ft./min (m/sec] 


1 



(0) 


50 
(0.25) 


100 
(0.50) 


200 
(1.01) 


400 
(2.03) 


600 
(3.04) 


800 
(4.06) 


e Junction-to-Case 


9 


9 


9 


9 


9 


9 


9 


e Case-to-Ambient 
(No Heatsink) 


22 


19 


18 


16 


11 


9 


8 



NOTES: 

1. This table applies to 80960KB PQFP soldered directly to board. 

2. ejA = ^jc + ^CA 

3. Bji = 18'C/W (approx.) 
OjQ = IS'C/W (approx.) 
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Figure 22. HOLD Timing 
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Figure 23. 16 MHz Maximum Aliowabie Ambient Temperature 
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Figure 24. 20 MIHz Maximum Aliowabie Ambient Temperature 
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Figure 25. 25 MHz Maximum Aliowabie Ambient Temperature 
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Figure 26. Maximum Aiiowabie Ambient Temperature for the 
Extended Temperature TA-80960KB 20 MHz in PGA Pacl(age 
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3.5 Waveforms 

Figures 27, 28, 29 and 30 show the waveforms for various transactions on the 80960KB's local bus. 
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Figure 27. Non-Burst Read and Write Transactions without Wait States 
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Figure 28. Burst Read and Write Transaction without Wait States 
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Figure 29. Burst Write Transaction with 2, 1, 1, 1 Wait States 
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Figure 30. Accesses Generated by Quad Word Read Bus Request, 
Misaligned Two Bytes from Quad Word Boundary (1, 0, 0, Wait States) 
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NOTE: 

INTR can go low no sooner than the input hold time following the beginning of interrupt acknowledgment cycle 1 . For i 
second interrupt to be acknowledged, INTR must be low for at least three cycles before it can be reasserted. 

Figure 31. Interrupt Acknowledge Transaction 
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3.6 Revision History 

No revision history was maintained in earlier revisions of this data sheet. All errata that has been identified to 
date is incorporated into this revision. The sections significantly changed since the previous revision are: 



Section 


Last 
Rev. 


Description 


Table 4. 80960KB Pin Description: L-Bus 
Signals (pg. 10) 


-006 




LOCK pin description rewritten for clarity. 


2.3. Connection Recommendations 
(pg-13) 


-006 


Changed suggested open-drain termination networks 
to reflect more realistic operating conditions with 
reduction in DC power consumption. 


Figure 9. Typical Current vs. Frequency 
(Hot Temp) (pg. 15) 


-006 


Added figure for typical power supply current at hot 
temperature to aid thermal analysis. 


Figure 1 2. Test Load Circuit for Three- 
State Output Pins (pg. 16) 

Figure 1 3. Test Load Circuit for Open- 
Drain Output Pins (pg. 16) 


-006 


All outputs now specified with standard 50 pF test 
loads to agree with actual test methodology. 


3.1. DC Characteristics (pg. 17) 


-006 


Ice ^ax specification reduced: 
WAS: IS: AT: 
375 mA 315 mA 16 MHz 
420 mA 360 mA 20 MHz 
480 mA 420 mA 25 MHz 


3.2. AC Specifications (pg. 18) 


-006 


25 MHz operation extended to product in PQFP 
package. Ts min. improved at all frequencies from 
ns to 2 ns and Ts max. improved from 20 ns to 
1 8 ns. 

TsH max improvement: 

WAS: IS: AT: 

31ns 28 ns 16 MHz 
26 ns 23 ns 20 MHz 
24 ns 23 ns 25 MHz 


Functional Waveforms 


-006 


Redrawn for clarity. CLK signal drawn with more likely 
phase relationship to CLK2. Open-drain output 
signals drawn to show correct inactive states. 


Various 


-006 


Deleted all references to 10 MHz. Intel no longer 
offers a 1 MHz 80960KB device. 
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1.0 PURPOSE 

The 80960CA Product Overview is a summary of the 
features and operation of Intel's 80960CA Embedded 
Processor. The Product Ovel^iew is intended for those 
who are not famiUar with the 80960 architecture or the 
80960CA, a product built around this architecture. The 
80960CA Product Overview provides a programmer or 
a system designer with a quick, global view of software 
and hardware design considerations for the 80960CA. 
For further information, refer to the following refer- 
ence documents: 

— The 80960CA User^s Manual contains detailed tech- 
nical information and examples for designing em- 
bedded systems using the 80960CA. 

— The 80960CA Data Sheet provides electrical specifi- 
cations for the device, such as the DC and AC pa- 
rameters, operating conditions, and packaging spec- 
ifications. 



2.0 80960CA 32-BIT EMBEDDED 
PROCESSOR 

The 80960CA (Figure 2-1) is optimized for embedded 
processing applications. This product features the high- 
performance C-Series core plus built-in system periph- 
erals, effectively integrating a high-speed CPU and sys- 
tem components onto a single siUcon die. The 80960CA 
is a member of Intel's 80960 embedded processor fami- 
ly. Each member of the 80960 family is based on a 
common architectural definition referred to as the core 
architecture. 

An 80960 family member, such as the 80960CA, is 
made up of an implementation of the core architecture 
plus application-specific extensions. These extensions 
may consist of integrated peripherals, instruction-set 
extensions, or additional registers and caches beyond 
those defined by the architecture. The common core 
architecture provides a basis for code compatibility for 
all 80960 family products, while application-specific ex- 
tensions optimize a particular product for a class of 
applications. ^ 

The 80960 architectural target is the execution of mul- 
tiple instructions per clock (i.e., fractional clocks per 
instruction). By defining an architecture which sup- 
ports parallel instruction execution and out-of-order in- 
struction execution, performance advances are not con- 
strained by the system clock. 

The 80960CA is capable of launching and executing 
instructions in parallel. This is accomplished by the use 
of advanced silicon technology as well as innovative 
"microarchitectural" constructs. The term microarchi- 



tecture refers to the implementation of the instruction 
set and programming resources. For example, different 
microarchitectures may have different pipeline con- 
struction, internal bus widths, register set porting, de- 
grees of parallelism, and cache parameterization (two- 
way, four-way, etc.). 

A principal objective of the 80960 architecture is to 
provide the framework to allow microarchitectural ad- 
vances to translate directly into increased performance 
without architectural limitations. 
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Figure 2-1. 80960CA 



2.1 80960 Architecture 

Embedded applications are cost sensitive, require a dif- 
ferent mix of instructions than reprogrammable appli- 
cations, have demanding interrupt response require- 
ments, and often use real-time executives rather than 
full-blown operating systems. The 80960 architecture 
was developed with these factors in mind. Several key 
optimizations which are provided by the architecture 
are explained below. 

Instruction Set: Powerful Boolean operations are pro- 
vided. Frequently executed functions are available as 
single instructions for greater code density and per- 
formance. Call, Return, Compare-and-Branch, Condi- 
tional-Compare, Compare-and-Increment or Decre- 
ment, and Bit-Field-Extract are each single instruc- 
tions. 

Interrupts: A priority interrupt structure simplifies the 
management of real-time events. With 31 discrete levels 
of priority and 248 possible interrupt-handling proce- 
dures, this structure provides the low latency and high 
throughput interrupt handling required in embedded 
processor applications. 
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Faults: A generalized fault-handling mechanism simpli- 
fies the task of detecting errant arithmetic calculations 
or other conditions that typically require a significant 
amount of in-line user code. 

Application-Specific Extensions: The core architecture 
is designed to accept application-specific extensions 
such as instruction set extensions (e.g., string functions, 
floating point), special purpose registers, larger caches, 
on-chip program and data memory, a memory manage- 
ment and protection unit, fault-tolerance support, mul- 
tiprocessing support, and real-time peripherals (DMA, 
serial ports, etc.). 



2.2 80960 C-Series Core 

The C-series core is an implementation of the 80960 
core architecture. The core can execute instructions at 
a sustained speed of 66 MIPS(i) with bursts of perform- 
ance up to 99 MIPS. To achieve this level of perform- 
ance, Intel has incorporated state-of-the-art silicon 
technology and innovative microarchitectural * con- 
structs into the C-Series core. Factors which contribute 
to the core's performance are listed below. 

— Parallel instruction decoding allows the 80960CA 
to start two instructions in every clock, with bursts 
of three instructions per clock. 

— Most instructions execute in a single clock cycle. 

— Multiple independent execution units enable over- 
lapping instruction execution. 

— Advanced silicon technology allows operation with 
a 33 MHz internal clock. 

— Efficient instruction pipeline is designed to mini- 
mize pipeline break losses. 

— Register and resource scoreboarding transparently 
manage parallel execution. 

— Branch look-ahead feature enables branches to exe- 
cute in parallel with other instructions. 

— Local register cache is integrated on-chip. 

— 1 Kbyte two-way set associative instruction cache is 
integrated on-chip. 

— 1 Kbyte Static Data RAM is integrated on-chip. 

These factors combine to make the 80960CA an ultra- 
high performance computing engine. 

NOTE: 

1. Single clock instructions at 33 MHz. 



2.3 80960CA System Peripherals 

The 80960CA features several extensions to the core 
architecture in the form of integrated peripherals. 
These peripherals are intended to reduce the external 
system requirements needed for embedded applications. 
These peripherals are described below. 
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Bus Controller Unit: A 32-bit high-performance bus 
controller interfaces the 80960CA to external memory 
and peripherals. The bus controller transfers instruc- 
tions or data at a maximum rate of 132 Mbytes per 
second.(2) Internally programmable wait states and 16 
separately configurable memory regions allow the bus 
controller to interface with a variety of memory subys- 
tems with minimum system complexity and maximum 
performance. 

DMA Controller: A four channel DMA controller per- 
forms high speed data transfers between peripherals 
and memory. The DMA controller provides advanced 
features such as data chaining, byte assembly and disas- 
sembly, and a fly-by mode capable of transfer speeds of 
up to 66 Mbytes per second. The DMA controller fea- 
tures a performance and flexibility which is only possi- 
ble by integrating the DMA controller and the 
80960CA core. 

Interrupt Controller: A priority interrupt controller 
manages 8 external interrupt inputs, 4 internal inter- 
rupt sources from the DMA controller, and a single 
non-maskable interrupt input (NMI). A total of 248 
external interrupt sources are supported by the inter- 
rupt controller by configuring the 8 external interrupt 
pins as an 8-bit input port. The interrupt controller pro- 
vides the njechanism for the low latency and high 
throughput interrupt service featured by the 80960CA. 
The interrupt latency for the 80960CA is typically less 
than 1 jULS. 



3.0 EXECUTION ENVIRONMENT 

The Execution Environment (Figure 3-1) refers to the 
resources which are available for executing code on the 
80960CA. The following sections describe the elements 
of the execution environment. 



3.1 Registers and Literals 

The 80960CA provides four types of working data reg- 
isters: Global Registers, Local Registers, Special Func- 
tion Registers (SFRs), and Control Registers. 

Global and local registers are general purpose 32-bit 
data registers. The SFRs and the control registers pro- 
vide a programmer's interface to the on-chip peripher- 
als (i.e., the DMA controller, interrupt controller, and 
bus controller). 

NOTE: 

2. 33 MHz internal clock, load or instruction fetch on 
wait state, pipelined burst bus. 
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Figure 3-1. Execution Environment 



The 80960 architecture is a register-oriented architec- 
ture. That is, operands and results of instructions are 
placed in working data registers rather than in memory. 
Since the architecture is register oriented, an ample 
supply of registers is provided. The architecture's work- 
ing register set consists of 16, 32-bit global registers and 
16, 32-bit local registers. 

3.1.1 GLOBAL AND LOCAL REGiSTERS 

The procedure call and return mechanism, which is 
part of the 80960 architecture, inspires the names given 
to the local and global registers. When a procedure call 
or return is executed, the contents of global registers 
are preserved across procedure boundaries. In other 
words, the same set of global registers is used for each 
procedure. A new set of local registers, however, is allo- 
cated for each procedure. The 80960's call and return 
mechanism is explained in Section 3.8. 

The 80960CA supplies 16, 32-bit global registers desig- 
nated gO through gl5. Registers gO through gl4 are 
general purpose global registers. Register gl5 is re- 
served for the current Frame Pointer. This register is 
available in assembly language as the fp register. The fp 
contains the address of the first byte in the current 
stack frame. The fp register and the stack frame are 
described in Section 3.8. 



The 80960CA supplies 16, 32-bit Local Registers desig- 
nated rO through rl5. Registers r3 through rl5 are gen- 
eral purpose local registers. Registers rO, rl, and r2 are 
reserved for special functions as follows: rO contains the 
Previous Frame Pointer, rl contains the Stack Pointer, 
and r2 is reserved for the Return Instruction Pointer. 
These registers are available in assembly language as, 
respectively, the pfp, sp, and rip registers. The pfp, sp, 
and rip registers manage stack frame linkage for the 
80960's procedure call and return mechanism. The 
function of these registers is decribed in Section 3.8. 

3.1.2 SPECIAL FUNCTION REGISTERS AND 
CONTROL REGISTERS 

The 80960CA uses 3 Special Function Registers (SFRs) 
for communicating with on-chip peripherals. These 
SFR's are an architectural extension specific to the 
80960CA. The SFRs on the 80960CA are designated as 
sfO, sfl, and sf2. SFRs are accessed as source operands 
by most of the 80960CA's instructions. The registers 
serve as part of the programmer's interface to the 
DMA and interrupt controller. 
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Control registers, like SFRs are used to communicate 
with the on-chip peripherals. Configuration informa- 
tion for the peripherals is generally stored in these reg- 
isters. Control registers can only be accessed by using 
the system control (sysctl) instruction. The sysctl in- 
struction is used to load the internal control register 
from a table in external memory called the control ta- 
ble. In order to simplify the process of peripheral con- 
figuration, the control registers are automatically load- 
ed from this table at initialization. 



3.1.3 LITERALS 

The 80960CA provides literals which may be used in 
the place of source register operands in most instruc- 
tions. The literals range from to 31 (5 bits). When a 
literal is used as an operand, the processor expands it to 
32 bits by adding leading zeros. If the instruction de- 
fines an operand larger than 32 bits, the processor zero 
extends the literal to the operand size. 



3.2 Address Space and Memory 

The address space of the 80960CA (Figure 3-2) is con- 
sidered a subset of the execution environment since the 
code, data, data structures, and external peripherals for 
the processor reside here. The 80960 family has an ad- 
dress space which is 2^2 bytes (4 Gbytes) in size. This 
address space is linear (unsegmented); therefore, code, 
data, and peripherals may be placed anywhere in the 
usable space. For the 80960CA, some memory loca- 
tions are reserved or are assigned special functions as 
shown in Figure 3-2. 



3.2.1 INTERNAL DATA RAM 

The 80960CA provides 1 Kbyte of internal static RAM 
for fast access of frequently used data. The data RAM 
allows time critical data storage and retrieval, with no 
dependence on the performance of the external bus. 
Any load or store, including quad-word operations, 
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execute in a single clock cycle when directed tointernal 
data RAM. The data RAM is located at address OOH in 
the processor's address space. When the DMA control- 
ler is in use, 32 bytes of data RAM are reserved for 
each active DMA channel. Additionally, 64 bytes of 
data RAM are reserved for 16 interrupt vectors which 
may be cached internally to reduce interrupt latency. 
The data RAM reserved for the DMA controller and 
the interrupt controller can be used for additional data 
storage when these peripherals are not used. 

Two execution modes are possible on the 80960CA, 
user mode or supervisor mode. These modes are used to 
implement a protection model in which system data 
structures are isolated from user code. As shown m 
Figure 3-2, the first 256 bytes of data RAM are always 
write protected when a program is executing in user 
mode but may always be written when executing in 
supervisor mode. The remainder of the data RAM can 
be programmed for this protection feature. The user 
and supervisor modes are described further in Section 
3.7. 

3.2.2 RESERVED ADDRESS SPACE 

The upper 16 Mbytes of memory (FFOOOOOOH-.- 
FFFFFFFFH) are reserved for specific functions and 
extensions to the 80960 architecture. The 12 words in 
reserved space (FFFFFF00H-FFFFFF2CH) are used 
to start up the processor when it comes out of reset. 
These 12 words are called the initialization boot record. 

3.2.3 ARCHITECTURALLY DEFINED DATA 
STRUCTURES 

, To execute a program on the 80960CA, data structures 
specific to the 80960 architecture must reside in the 
processor's address space. Architecture-defined data 
structures include stacks, initialization structures, and 
various procedure entry tables. These data structures 
may generally be located anywhere in the address 
space. Pointers to each data structure are specified 
when the 80960CA is initialized. The architecture-de- 
fined data structures include: 

— User Stack 



Interrupt Table 

System-Procedure 
Table 

Fault Table 



— Interrupt Stack 

— Supervisor Stack 



In addition to the data structure defined by the archi- 
tecture, the 80960CA requires several implementation- 
specific data structures which are used for configuring 
peripherals and initialization. These data structures in- 
clude: 

— Control Table 

— Process Control Block 

— Initialization Boot Record 

Each data structure will be explained in more detail 
< later in this product overview. 



3.3 Memory Addressing Modes 

The 80960CA offers a variety of modes for memory 
addressing. The addressing modes available are summa- 
rized in Table 3-1. 

Absolute addressing is used to reference an address as 
an offset from address of the processor's address 
space. At the machine level, absolute addressing may be 
implemented in one of two ways depending on the size 
of the absolute offset from address 0. Two instruction 
formats, MEMA and MEMB, are used to provide abso- 
lute addressing modes. For the MEMA format, the off- 
set is an ordinal number ranging from to 2048. For 
the MEMB format, the offset is an integer (called a 
displacement) ranging from —2^1 — 1 to 2^1. An assem- 
bler will choose the MEMA or MEMB format based on 
the size of the offset. 

Register-indirect addressing modes use a 32-bit ordinal 
value in a register as the base for the address calcula- 
tion. Offsets and indexes are added to this address base 
depending on the particular addressing mode. The reg- 
ister-indirect-with-index addressing mode adds a scaled 
index to the address base. The index is specified as a 
value in a register. The scale value may be selected as 1, 
2, 4, 8, or 16. 

The index-with-displacement addressing mode uses a 
scaled index plus an integer displacement. No address 
base is used in this address calculation. 

The IP'With-displacement addressing mode is used with 
load and store instructions to make them IP relative. In 
this mode, an integer displacement plus a constant of 8 
is added to the IP of the instruction to calculate the 
next address. 

Table 3-1. Memory Addressing Modes 



Mode 


1 — ■— - - — 

Description 


Absolute Offset 


Offset 


Absolute Displacement 


Displacement 


Register Indirect 


Abase 


Register Indirect with 
Offset 


Abase + Offset 


Register Indirect with 
Index 


Abase + (lndex*Scale) 


Register Indirect with 
Index and Displacement 


Abase + (Index* Scale) 
+ Displacement 


Index with Displacement 


(lndex*Scale) + 
Displacement 


Register Indirect with 
Displacement 


Abase + Displacement 


' IP with Displacement 


IP + Displacement + 8 
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3.4 Data Types 

The 80960CA operates on the following data types (Figure 3-3): 

— Integer (8, 16, 32, and 64 bits) 

— Ordinal (8, 16, 32, and 64 bits) 

— Bit 

— Bit Field 

— Triple Word (96 bits) 

— Quad Word (128 bits) 
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Class 


Data Type 


Length 


Range 




Numeric , 
(Integer) 


Byte Integer 
Short Integer 
Integer 
Long Integer 


8 bits 
16 bits 
32 bits 
64 bits 


-27 to 27- 1 
-215 to 215 - 1 
-231 to 231 - 1 
-263 to 263- 1 


Numeric 
(Ordinal) 


Byte Ordinal 
Short Ordinal 
Ordinal 
Long Ordinal 


8 bits 
16 bits 
32 bits 
64 bits 


to 28 - 1 
to 216- 1 
to 232 - 1 
to 264 - 1 


Non-Numeric 


Bit 

Bit Field 
Triple Word 
Quad Word 


1-bit 

1-32 bits 

96 bits 

128 bits 


N/A 
















Figure 3-3. Data Types 



APmiKl©! DK1F©[^(M1A¥0©K1 



1-165 



80960CA PRODUCT OVERVIEW 



Intel 



The following sections describe the data types support- 
ed by the 80960CA. 

3.4.1 NUMERIC DATA TYPES 

Integers and ordinals are considered numeric data 
types since the processor performs arithmetic opera- 
tions with this data. The integer data type is a signed 
binary value in standard 2's complement representa- 
tion. The brdinal data type is an unsigned binary value. 

3.4.2 NON-NUMERIC DATA TYPES 

The remaining data types (bit field, triple word, and 
quad word) represent groupings of bits or bytes that the 
processor can operate on as a whole, regardless of the 
nature of the data contained in the group. These data 
types facilitate the moving of blocks of bits or bytes. 



3.5 Instruction Set 

The 80960CA features a comprehensive instruction set 
(Table 3-2). Much of the instruction set is that of a 
RISC architecture. Unlike pure RISC machines, how- 
ever, the 80960CA provides an extension to the RISC 
instruction set with instructions that perform complex 
functions such as procedure calls and returns, high- 
speed multiplies, and other complex control, arithme- 
tic, and logical operations. The instruction set allows 
functionally complex yet highly compact code to be 
written for embedded control applications where mem- 
ory is a valuable commodity. 



3.5.1 INSTRUCTION GROUPS 

The 80960CA instruction set is most easily described if 
grouped by the functions listed below: 

— Data Movement 

— Address Computation 

— Logical and Arithmetic 

— Bit and Bit Field 

— Comparison 

— Branch 

— Call and Return 

— Fault 

— Debug 

— Processor Management 

The instructions which make up each of these groups 
are described in the following sections. 



3.5.1.1 Data Movement Instructions 

The data movement instructions move data from mem- 
ory to registers, from registers to memory, arid between 
registers. The load instructions copy bytes, words, or 
multiple words from memory to a selected register or 
group of registers. Conversely, the store instructions 
copy bytes, words, or groups of words from a selected 
register or group of registers to memory. The move in- 
structions copy data between registers. 



Load Instructions 


-Id 


load word 


-Idob 


load ordinal byte 


-Idos 


load ordinal short 


-Idib 


load integer byte 


-Idls 


load integer short 


-Idl 


load long 


-Idt 


load triple 


-Idq 


load quad 


Store Instructions 


-St 


store word 


-stob 


store ordinal byte 


-stos 


store ordinal short 


-stib 


store integer byte 


-stis 


store integer short 


-sti 


store long 


-stt 


store triple 


-stq 


store quad 


Move Instructions 


-mov 


move word 


-movl 


move long 


-movt 


move triple 


-movq 


move quad 



3.5.1.2 Address Computation Instructions 

The load address (Ida) instruction causes a 32-bit ad- 
dress to be computed and placed in a destination regis- 
ter. The address is computed based on the addressing 
mode selected. The load and store instructions perform 
a function identical to that of the Ida instruction when 
calculating a source or destination address. The Ida in- 
struction is useful for loading a 32-bit constant into a 
register. 



3.5.1.3 Logical and Arithmetic Instructions 

Logical instructions perform bitwise Boolean opera- 
tions on operands in registers. Since this group of in- 
structions performs only bitwise manipulations of data, 
separate logical instructions for integer and ordinal 
data types do not exist. In the table below, srcl and 
src2 represent processor registers or literals which are 
the operands for these instructions. 
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Table 3-2. Instruction Set Summary 



Data 
Movement 


Arithmetic 


Logical 


Bit and 
Bit Field 


Load 
Store 
Move 


Add 

Subtract 

Multiply 

Divide 

Remainder 

Modulo 

Shift 
Extended 

Shift 
Extended 

Multiply 
Extended 

Divide 
Add with 

Carry 
Subtract with 

Carry 


And 

Not And 
And Not 
Or 

Exclusive Or 
Not Or 

Or Not 

Nor 

Exclusive Nor 

Not 

Nand 

Rotate 


Set Bit 
Clear Bit 
Not Bit 
Check Bit 
Alter Bit 
Scan for Bit 
Scan for Byte 
Span over Bit 
Extract 
Modify 


Comparison 


Branch 


Call and 
Return 


Fault 


Compare 
Condition 

Compare 
Compare and 

Increment 
Compare and 

Decrement 
Condition Test 


Unconditional 

Branch 
Conditional 

Branch 
Branch and 

Link 
Condition 

Compare 

and Conditional 

Branch 


Call 

Call Extended 

Call System 

Return 


Conditional 

Fault 
Synchronize 

Faults 


Debug 


Processor 
Management 


Address 
Computation 


Atomic 


Modify Trace 

Controls 
Mark 
Force Mark 


Modify 

Process 

Controls 
Modify 

Arithmetic 

Controls 
System Control 
Update DMA 
Setup DMA 
Flush Local 

Registers 


Load Address 


Atomic Add 
Atomic Modify 
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Logical Instructions 



-and 


src1 and src2 


- notand 


src1 and (not src2) 


- andnot 


(notsrc1)andsrc2 


-or 


src1 or src2 


- notor 


src1 or (not src2) 


- ornot 


(notsrc1)orsrc2 


-xor 


src1 xor src2 


-xnor 


src1 xnor src2 


-nor 


not (src1 or src2) 


-nand 


not (src1 and src2) 


-not 


not(src1) 



Arithmetic instructions perform add, subtract, multi- 
ply, divide, and shift operations on integer or ordinal 
operands in registers. 

Arithmetic Instructions 



addi 


add integer 


addo 


add ordinal 


subi 


subtract integer 


subo 


subtract ordinal 


muli 


multiply Integer 


muio 


multiply ordinal 


divi 


divide integer 


divo 


divide ordinal 


remi 


remainder Integer 


remo 


remainder ordinal 


modi 


modulo integer 


rotate 


rotate bit left 


shii 


shift left integer 


shio 


shift left ordinal 


siiri 


shift right Integer 


shro 


shift right ordinal 


shrdi 


shift right dividing integer 



Extended arithmetic instructions facilitate computation 
on ordinals and integers which are longer than 32 bits. 
In add with carry and subtract with carry instructions, 
the carry out from the previous arithmetic instruction 
is used in the computation. The extended multiply in- 
struction multiplies two ordinal source operands pro- 
ducing a long ordinal result (64 bits). The extended 
divide instruction divides a long ordinal dividend by an 
ordinal divisor and produces a 64-bit result. The ex- 
tended shift right instruction shifts a 64-bit source val- 
ue and produces the lower order 32 bits of the shifted 
value. 

Extended Arithmetic Instructions 

- addc add ordinal with carry 

- subc subtract ordinal with carry 

- emul extended multiply 
-ediv extended divide 

- eshro shift right extended ordinal 



The atomic instructions perform read-modify-write op- 
erations on operands in memory. They allow a system 
to insure that when an atomic operation is performed 
on a specified memory location, the operation will be 
completed before another agent is allowed to perform 
an operation on the same memory. These instructions 
are required to enable synchronization between inter- 
rupt handlers and backgroXmd tasks in any system. 
They are also particularly useful in systems where sev- 
eral agents (processors, coprocessors, or external logic) 
have access to the same system memory for communi- 
cation. 

Atomic Instructions 

- atadd atomic add 

- atmod atomic modify 

3.5.1.4 Bit and Bit Field Instructions 

The bit instructions operate on a specified bit in a regis- 
ter. 



Bit Instructions 


-setbit 


set bit 


-cirbit 


clear bit 


- notbit 


not bit 


- alterbit 


alter bit 


-scanbit 


scan for bit 


- spanbit 


span over bit 



Bit field instructions operate on a specified contiguous 
group of bits in a register. This group of bits can be 
from to 32 bits in length. 

Bit Field Instructions 

- extract extract field 

- modify modify field 

- scanbyte scan for byte 

3.5.1.5 Branch Instructions 

The branch instructions allow the direction of program 
flow to be changed by explicitly modifying the Instruc- 
tion Pointer (IP). The target IP in a branch instruction 
is generally specified as a displacement to be added to 
the current IP. The extended branch instructions allow 
IP calculation using any addressing mode. 

The unconditional branch instructions always alter pro- 
gram flow when executed. 

Unconditional Branch 
Instructions 



-b 
-bx 



branch 

branch extended 



The RISC branch-and-link instructions automatically 
save a Return Instruction Pointer (RIP) before the 
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jump is taken. The RIP is the address of the instruction 
following the branch and link. 

Branch and Link Instructions 

- bai branch and link 

- balx branch and link extended 

Conditional branch instructions alter program flow 
only if the condition code flags in the arithmetic control 
register match a value specified in the instruction. The 
condition code flags indicate conditions of equality or 
inequaUty between two operands in a previously execut- 
ed instruction. The arithmetic control register and con- 
dition code flags are described in Section 3.6. 

Based on a branch prediction flag located in the ma- 
chine level instruction, the 80960CA will assume that 
an instruction usually takes or does not take a condi- 
tional branch. By executing along the predicted path of 
program flow, delays due to breaks in the instruction 
stream are often avoided. This feature of the 80960CA 
is referred to as branch prediction. The 80960CA incor- 
porates the branch prediction feature because code us- 
ing a conditional branch instruction usually favors a 
single direction of program flow. 

The branch prediction flag is specified at the assembly 
level by appending a .r or ./to a conditional branch 
instruction meaning, respectively, "assume branch tak- 
en*' or "assume branch not taken*'. For example, the 
assembler mnemonic be.t means that the processor will 
assume that this branch-if-equal instruction usually 
branches when encountered. In the following table .p 
represents the branch prediction flag. 

Conditional Branch instructions 

- be.p branch if equal 

- bne.p branch If not equal 

- bl.p branch if less 

- ble.p branch if less or equal 

- bg.p branch if greater 

- bge.p branch if greater or equal 

- bo.p branch if ordered 

- bno.p branch if unordered 

Compare and conditional branch instructions compare 
two operands, then branch according to the immediate 
results. 

Conditional Compare and 
Conditions Branch instructions 



- cmpibe.p 



- cmpibne.p 



compare integer 
and branch if 
equal 

compare integer 
and branch if 
not equal 



- cmpibi.p 


compare integer 




and branch if less 


- cmpibie^p 


compare integer 




and branch if less 




or equal 


- cmpibg.p 


compare integer 




and branch if 




greater 


- cmpibge.p 


compare integer 




and branch if 




greater or equal 


- cmpibo.p 


compare integer 




and branch if 




ordered 


- cmpibno.p 


compare integer 




and branch if 




unordered 


- cmpobe.p 


compare ordinal 




and branch if 




equal 


- cmpobne.p 


compare ordinal 




and branch if 




riot equal 


- cmpobi.p 


compare ordinal 




and branch if less 


- cmpoble.p 


compare ordinal 




and branch if less 




or equal 


- cmpobg.p 


compare ordinal 




and branch if 




greater 


- cmpobge.p 


compare ordinal 




and branch if 




greater or equal 


- bbs.p 


check bit 




and branch 




if set 


- bbc.p 


check bit 




and branch 




if clear 


3.5.1.6 Compare and Condition Test 


instructions 






The 80960CA provides several types of instructions 
that are used to compare two operands. The condition 
code flags in the arithmetic control register are set to 
indicate whether one operand is less than, equal to, or 
greater than the other operand. 

Compare instructions 

- cmpi compare integer 

- cmpo compare ordinal 

- chkbit check bit 

Conditional compare instructions test the existing 
status 6f the condition code flags before a compare is 
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performed. These conditional compare instructions are 
provided to optimize two-sided range comparisons (i.e. 
to test if a value is less than one number but greater 
than another). 

Conditional Compare instructions 

- concmpi conditional compare integer 

- concmpo conditional compare ordinal 

The compare and increment and compare and decre- 
ment instructions set the condition code flags based on 
a comparison of two register sources, decrements or 
increments one of the sources, and finally stores this 
result in a destination register. 

- cmpinci compare and increment integer 

- cmpinco compare and increment ordinal 

- cmpdeci compare and decrement integer 

- cmpdeco compare and decrement ordinal 

The condition test instructions allow the state of the 
condition code flags to be tested. Based on the outcome 
of the comparison, a true or false code is stored in a 
destination register. The branch prediction flag is used 
in this instruction to reduce the execution time of the 
instruction when the test outcome is predicted correct- 
ly. For example teste.t (test if equal) will execute in a 
shorter time if the condition code flags test true for the 
equal condition. Analogous to the function of the 
branch prediction flag in the conditional compare and 
branch instructions, the prediction flag in this case 
eliminates breaks in the micro-instruction sequence 
which is used to implement the condition test instruc- 
tions. 



Condition Test instructions 


teste.p 


test if equal 


testne.p 


test if not equal 


testi.p 


test if less 


testle.p 


test if less or equal 


testg.p 


test if greater 


testge.p 


test if greater or equal 


testo.p 


test if ordered 


testno.p 


test if not ordered 



3.5.1.7 Call and Return instructions 

The 80960CA features an on-chip call and return 
mechanism for making procedure calls to local and sys- 
tem procedures. The call instructions and the call and 
return mechanism is described in Section 3.8. 

Caii and Return Instructions 
-call call 

- caiix call extended 

- calls call system 

- ret return 



3.5.1.8 Fault Instructions 

The 80960CA will fault automatically as the result of 
certain errant operations which may occur when exe- 
cuting code. Fault procedures are then invoked auto- 
matically to handle the various types of faults. In addi- 
tion, the fault instructions permit a fault to be generat- 
ed explicitly based on the value of the condition code 
flags. The branch prediction flag in these instructions is 
used to reduce the execution time of these instructions 
when the state of the condition code flags are guessed 
correctly. 

Conditional Fault Instructions 



fauite.p 


fault if equal 


faultne.p 


fault if not equal 


faultLp 


fault if less 


fauitie.p 


fault if lessor equal 


fauitg.p 


fault if greater 


faultge.p 


fault if greater or equal 


fauito.p 


fault if ordered 


fauitno.p 


fault if unordered 



The syncf instruction causes the processor to wait for 
all faults to be generated which are associated with any 
prior uncompleted instructions. 

- syncf synchronize faults 



3.5.1.9 Debug instructions 

The processor supports debugging and monitoring of 
program activity through the use of trace events. The 
debug instructions support debugging and monitoring 
software. 

Debug Instructions 

- modtc modify trace controls 

- mark mark 

- f mark force mark 



3.5.1.10 Processor lUlanagement Instructions 

The 80960CA provides several instructions for direct 
control of processor functions and for configuring the 
80960CA's peripherals. A brief description of the proc- 
essor management instructions is given below. 

Processor i^anagement Instructions 

- modpc modify process controls 

- modac modify arithmetic controls 

- syscti system control instruction 

- udma update DMA SRAM 

- sdma s^tup DMA 

- flushreg flush local registers 



1-170 



/^mff^m©E m^©mmMmm 



inlel 



3.6 Arithmetic Controls 

The Arithmetic Control (AC) Register is a 32-bit on-chip 
register (Figure 3-4). The AC register is used primarily 
to monitor and control the execution of 80960CA arith- 
metic instructions. The processor reads and modifies 
bits in the AC register when performing many arithme- 
tic operations. The AC register is also used to control 
the faulting conditions for some instructions. The mo- 
dac instruction allows the user to directly read or modi- 
fy the AC register. 

The processor sets the condition code flags (bits 0-2) to 
indicate equality or inequality as the result of certain 
instructions (such as the compare instructions). Other 
instructions, such as the conditional branch instruc- 
tions, take action based on the value of the condition 
code flags. Table 3-3 shows the functional assignment 
for each condition code flag. 

Table 3-3. Arithmetic Condition Codes 



Condition 
Code 


Condition 


001 
010 
100 


Greater Than 
Equal 
Less Than 
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The integer overflow flag (bit 8) and the integer over- 
flow mask (bit 12) are used in conjunction with the 
arithmetic integer overflow fault. The mask bit masks 
the integer overflow fault. When the fault is masked, 
and an integer overflow occurs, the integer overflow 
flag is set but no fault handling action is taken. If the 
fault is not masked, and an integer overflow occurs, the 
integer overflow fault is taken and the integer overflow 
flag is not set. 

The no imprecise faults flag (bit 15) determines if im- 
precise faults are allowed to occur. Fault handling and 
precise and imprecise faults in the 80960CA are dis- 
cussed in Section 3.10. 



3.7 Process Management 

Process management refers to the monitoring and con- 
trol of certain properties of an executing process. The 
following sections describe the mechanisms available on 
the 80960CA to perform this function. 
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Figure 3-4. Arithmetic Control Register 
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3.7.1 PROCESS CONTROL REGISTER 

The Process Control (PC) Register (Figure 3-5) provides 
access to process state information. The function for 
the PC register is described below. 

Execution Mode Flag — This flag indicates that the 
processor is executing in user mode (0) or supervisor 
mode (1). 

Priority Field — This 5-bit field indicates the current ex- 
ecuting priority of the processor. Priority values range 
from to 31, with as the lowest and 31 as the highest 
priority. 

State Flag — This flag determines the executing state of 
the processor. The processor state is either executing 
state (0) or interrupted state (1). 

Trace Enable Bit and Trace Fault Pending Flags — 
These fields control and monitor trace activity in the 
processor. The Trace Enable Bit enables fault genera- 
tion for trace events. The Trace Fault Pending Flag 
indicates that a trace event has been detected. 
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ty of the processor is restored to its priority before the 
interrupt occurred. 



3.7.3 PROCESSOR STATES AND MODES 

The 80960CA may execute programs in user mode or 
supervisor mode. The user-supervisof protection mecha- 
nism allows a system to be designed in which kernel 
code and data reside in the same address space as user 
code and data, but access to the kernel procedures and 
data is only allowed through a tightly controlled inter- 
face. This interface is the system call table and the in- 
terrupt mecha nism. The 80960CA provides a supervi- 
sor pin (SUP) to implement memory systems which 
protect code and data from possible corruption by pro- 
grams executing in user mode. Some instructions and 
functions of the 80960CA are also insulated from code 
executing in user mode. 

The processor has two operating states: executing and 
interrupted. In executing state, the processor can exe- 
cute in user or supervisor mode. In the interrupted 
state, the processor always executes in supervisor mode. 



The process controls can be modified by software with 
the modify process controls (modpc) instruction. The 
modpc instruction may only write the PC register when 
the processor is in supervisor mode. 

3.7.2 PRIORITIES 

The 80960 architecture defines a means to assign priori- 
ties to executing programs and interrupts. The current 
priority of the processor is stored in the priority field of 
the PC register. This priority is used to determine if an 
interrupt will be serviced and in which order multiple 
pending interrupts will be serviced. Setting the priority 
of an executing program above that of interrupts allows 
critical code to be prioritized and executed without in- 
terruption. 

The priority field of the PC register can be modified 
directly using the modpc instruction. The priority field 
is also modified to reflect the priority of serviced inter- 
rupts. On a return from an interrupt routine, the priori- 



3.8 Call and Return Mechanism 

The 80960 architecture features a built-in call and re- 
turn mechanism. This mechanism is designed to make 
procedure calls simple and fast, and to provide a flex- 
ible method for storing and handling variables that are 
local to a procedure. A call automatically allocates a 
new set of local registers and a new stack frame. All 
linkage information is maintained by the processor, 
making procedure calls and returns virtually transpar- 
ent to the user. A system call instruction is provided as 
a method for calling privileged procedures such as a 
kernel service. The call and return model supports effi- 
cient translation of structured high level code (such as 
C, or ADA) to 80960 machine language. 

The procedure call and return mechanism provides a 
number of significant benefits which contribute to the 
performance and ease of use of the 80960CA. 

1) The call and return instructions are implemented en- 
tirely on-chip, resulting in an extremely high per- 
formance implementation of these commonly used 
functions. 
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2) A single instruction to implement each call or return 
operation results in code density improvements com- 
pared to processors which require multiple instruc- 
tions to encode these functions. 

3) By implementing the call and return functions as 
single instructions, the 80960 architecture is open for 
further optimization of these instructions, while 
maintaining assembly-level compatibility. 

4) A program does not have to explicitly save or restore 
the variables stored in the local registers when a call 
or return is executed. The processor does this implic- 
itly on procedure calls and on returns. 

5) The call and return mechanism provides a structure 
for storing a virtually unlimited number of local 
variables for each procedure: the on-chip local regis- 
ters provide quick access to often used variables and 
the stack provides space for additional variables. 

3.8.1 LOCAL REGISTERS AND THE STACK 
FRAME 

At any point in a program, the 80960 has access to a 
local register set and a section of the procedure stack 
referred to as a stack frame. When a call is executed, a 
new stack frame is allocated for the called procedure. 
Additionally, the current local register set is saved by 
the processor, freeing these registers for use by the new- 
ly called procedure. In this way, every procedure has a 
unique stack and unique set of local registers. When a 



return is executed, the current local register set and 
current stack frame are deallocated. The previous local 
register set and previous stack frame are restored. This 
call and return mechanism is illustrated in Figure 3-6 
where n is procedure depth for the currently executing 
procedure. 

The procedure stack structure is defined by the 80960 
architecture. The procedure stack always grows up- 
ward (i.e. towards higher addresses) and the stack 
pointer (SP) always points to the next available byte of 
the stack frame. The 80960CA requires that each stack 
frame begins on a 16-byte boundary. Due to this align- 
ment requirement, a padding space of to 15 bytes may 
exist between adjacent stack frames in memory. When 
a stack frame is allocated, the first 16 words are always 
assigned as storage for the local registers; therefore, the 
SP initially points to the 17th word in the stack frame. 
It should be noted that although each stack frame is 
assigned storage space for the local registers, these loca- 
tions in the stack are not guaranteed to contain the 
values of the saved local registers. This is because sever- 
al sets of local registers are cached on-chip rather than 
written to the stack in external memory. This caching 
mechanism is described in detail later in this section. 

3.8.2 PROCEDURE LINKING 

The 80960 architecture automatically manages proce- 
dure linkage. One global register and three local regis- 
ters are reserved for procedure linkage information. 
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Figure 3-6. Call and Return Mechanism 
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Figure 3-7 describes the pointer structure used to link 
frames and to provide a unique SP for each frame. Reg- 
ister gl5 is the Frame Pointer (FP). The FP is the ad- 
dress of the first byte of the current (topmost) stack 
frame. The FP is always updated to point to the current 
frame when calls and returns are executed. Register rO 
is the Previous Frame Pointer (PFP). The PFP is the 
address of the first byte of the stack frame which was 
created prior to the frame containing this PFP. Register 
rl is the Stack Pointer (SP). The SP points to the next 
available byte of the stack frame. Register r2 is reserved 
for the Returr^ Instruction Pointer (RIP), The RIP is 
the address of the instruction which follows a call in- 
struction, this is also the target address for the return 
from that procedure. The RIP is automatically stored 
in register r2 of the calling procedure when a call is 
executed. 

3.8.3 PARAMETER PASSING 

Parameters may be passed by value or passed by refer- 
ence between procedures. The global registers, the 
stack, or predefined data structures in memory may be 
used to pass these parameters. 



The global registers provide the fastest method for pass- 
ing parameters. The values to be passed into a proce- 
dure reside in the global registers of the calling proce- 
dure. When a procedure is called, the values in the 
global registers are preserved. If more parameters are to 
be passed than will fit in the global registers, additional 
parameters may be passed in the stack of the calling 
procedure, or in a data structure which is referenced by 
a pointer passed in the global registers. 

3.8.4 LOCAL REGISTER CACHE 

The 80960CA provides an on-chip cache for saving and 
restoring the local registers on calls and returns. This 
cache greatly enhances performance of the call and re- 
turn mechanism on the 80960CA. Movement of data 
between the local registers and the register cache is typ- 
ically accomplished in only 4 processor clocks with no 
external bus traffic. When this cache is filled, the regis- 
ters associated with the oldest stack frame are moved to 
the area reserved for those registers on the physical 
stack (Figure 3-7). 
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Figure 3-7. Stack Frame Linkage 
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The local register cache is a physical extension of the 
internal data RAM. The part of the data RAM used for 
this cache is not visible to the user and is large enough 
to hold up to 5 sets of local registers. The register cache 
may be extended to hold up to 15 sets of local registers. 
When extended, each new register set consumes 16 
words of the user's data RAM, beginning at the highest 
address and growing downward. The size of the local 
register cache is selected when the processor is initial- 
ized. 

In some cases, the contents of the cached local register 
sets may require examination or modification (e.g. for 
fault handUng). Since the local registers are cached, the 
flushreg instruction is provided to flush the local regis- 
ter cache to the locations reserved for the registers on 
the stack. This insures that the values in external mem- 
ory are consistent with the values held in the local reg- 
ister cache. 



3.8.5 LOCAL AND SYSTEM CALLS 

The 80960CA provides two methods for making proce- 
dure calls: local calls and system calls. Local and sys- 
tem calls differ in their operation and use in an appUca- 
tion. 



The local call instructions initiate a procedure call us- 
ing the call and return mechanism described earlier. 
The stack frames for these procedure calls are allocated 
on the local procedure stack. A local call is made using 
either of two local call instructions: call or callx. The 
call instruction specifies the address of the called proce- 
dure using an IP plus displacement addressing mode 
with a range of —2^3 to 2^3 — 4 bytes from the current 
IP. The callx (call extended) instruction specifies the 
address of the calling procedure using any of the 
80960's addressing modes. 

A system call is made using the calls instruction. This 
call is similar to a local call except that the processor 
gets the IP for the called procedure from a data struc- 
ture called the system procedure table. The calls in- 
struction requires a procedure number operand. This 
procedure number serves as an index into the system 
procedure table, which contains IP's for specific proce- 
dures. The system procedure table is shown in Figure 
3-8. 

The system call mechanism supports two types of pro- 
cedure calls: system-local calls and system-supervisor 
calls (also referred to as supervisor calls). The system- 
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local call performs the same action as the local call 
instructions with one exception: the IP target for a sys- 
tem-local call is fetched from the system-procedure ta- 
ble. The supervisor call differs from the local call as 
follows: 

1) A supervisor call causes the processor to switch to 
another stack (called the supervisor stack). 

2) A supervisor call causes the processor to switch to 
the supervisor execut ion mode and asserts the 
80960CA's supervisor (SUP) pin for all bus accesses. 

The system call mechanism offers several benefits. The 
system pall promotes the portability of appHcation soft- 
ware. System calls are commonly used for kernel serv- 
ices. By calling these services with a procedure number 
rather than a specific IP, application software does not 
have to be changed each time the implementation of the 
kernel service is modified. Additionally, the ability to 
switch to a different execution mode and stack allows 
kernel procedures and data to be insulated from appli- 
cation code. 

3.8.6 IMPLICIT PROCEDURE CALLS 

The call and return mechanism described for procedure 
calls applies to several classes of call instructions as 
well as to the context switching initiated by interrupts 
and faults. When an interrupt or fault condition occurs, 
an implicit call is performed that saves the current state 
of the processor before branching to the interrupt or 
fault handling procedure. When this context switch oc- 
curs, the local registers are saved and a new stack frame 
is allocated. Additionally, the values of the AC register 
and PC register are saved when the implicit call occurs. 
These values are restored on the return from the inter- 
rupt or fault handler. 



3.9 Interrupts 

An interrupt is a temporary break in the control stream 
of a program so that the processor can handle another 
task. Interrupts may be triggered by the instruction 
stream or by hardware sources internal and external to 
the 80960CA. An interrupt request is associated with a 
vector (i.e. an address) of an interrupt handUng proce- 
dure. The processor will branch to the handling proce- 
dure when an interrupt is serviced. When the handling 
action is completed, the processor is restored to its state 
prior to the interrupt. 



3.9.1 INTERRUPT VECTORS AND PRIORITY 

Interrupt vectors are simply instruction pointers (ad- 
dresses) to interrupt handling procedures. The 80960 
architecture defines 248 interrupt vectors. This means 



that 248 unique interrupt handling procedures may be 
used. An 8-bit interrupt vector number is associated 
with each interrupt vector. This number ranges from 8 
to 255. Each interrupt vector has a priority from 1 to 
31, which is determined by the 5 most significant bits of 
the interrupt vector number. Priority 1 is the lowest 
priority and 31 is the highest, Priority interrupts are 
not defined. 

The 80960CA executes with a unique priority ranging 
from to 31. When an interrupt is serviced, the proces- 
sor's priority switches to the priority corresponding to 
that of the interrupt request. When a return from an 
interrupt procedure is executed, the process priority is 
restored to its value prior to servicing the interrupt. 
This priority switching is handled automatically by the 
80960CA. 

The 80960CA compares its current priority and the pri- 
ority of an interrupt request to determine whether to 
service an interrupt immediately or to delay service. If a 
requested interrupt priority is greater than the proces- 
sor's current priority or equal to 31, the processor serv- 
ices the interrupt immediately; otherwise, the processor 
saves (posts) the interrupt request as a pending inter- 
rupt so that it can be serviced later. When the proces- 
sor's priority falls below the priority of a pending inter- 
rupt, the pending interrupt is serviced. With the mecha- 
nism described, interrupts with a priority of will nev- 
er be serviced. For this reason, vectors numbered to 7 
are not defined. 



3.9.2 INTERRUPT TABLE 

The interrupt table (Figure 3-9) is an architecturally 
defined data structure which holds the interrupt vectors 
and information on pending interrupts. The first 36 
bytes of the table are used to post interrupts. The 3 1 
most significant bits in the 32-bit pending priorities 
field represent a possible priority (1 to 31) of a pending 
interrupt. When the processor posts an interrupt in the 
interrupt table, the bit corresponding to the interrupt's 
priority is set. For example, if an interrupt with a prior- 
ity of 10 is posted in the interrupt table, bit 10 is set in 
the pending priorities field. 

The pending interrupts field contains a 256-bit string in 
which each bit represents an interrupt vector. When the 
processor posts an interrupt in the interrupt table, the 
bit corresponding to the vector number of that inter- 
rupt is set. 

Portions of the interrupt table are cached on-chip in a 
non-transparent fashion. This caching is implemented 
to minimized interrupt latency by reducing the number 
of accesses to the table in external memory when an 
interrupt is serviced. 
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Figure 3-9. Interrupt Table 

3.9.3 INTERRUPT STACK 

Stack frames for interrupt handling procedures are allo- 
cated on a separate interrupt stack. The interrupt stack 
can be located anywhere in the processor's address 
space. The beginning address of the interrupt stack is 
specified when the processor is initialized. 

3.9.4 INTERRUPT HANDLING ACTION 

When an interrupt is serviced, the processor saves the 
processor state and calls the interrupt procedure. The 
processor state is restored upon return from the inter- 
rupt procedure. 

This interrupt service mechanism is handled by an im- 
plicit call operation. When the interrupt is serviced, the 
current local registers are saved. A new local register 
set and stack frame are allocated on the interrupt stack 
for the interrupt handler procedure and the processor 
switches to supervisor execution mode. In addition to 
the local registers, the current value of the AC and PC 
registers are saved as an interrupt record on the inter- 
rupt stack. 

3.9.5 PENDING INTERRUPTS 

Any of the 248 interrupts can be requested by software. 
The system control instruction (sysctl) is provided to 
support this feature. When the system control instruc- 
tion requests an interrupt, one of two actions may oc- 
cur depending on the priority of the requested interrupt 
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and the current process priority. 1) The interrupt is 
serviced immediately, or 2) the interrupt is posted (the 
pending priorities field and the pending interrupts field 
are modified to reflect a pending interrupt). 

Interrupts may also be requested by hardware sources 
internal and external to the 80960CA. Managing the 
hardware sources and posting these interrupts is han- 
dled by the interrupt controller. Interrupts requested by 
hardware are posted in an internal register, not in the 
interrupt table. A mask register enables or disables in- 
terrupts from each hardware source. Requesting and 
posting hardware interrupts is described in Section 4.4 
Interrupt Controller. 

3.9.6 INTERRUPT LATENCY 

The time required to perform an interrupt task switch 
is referred to as the interrupt latency. The latency is the 
time measured between the activation of an interrupt 
source and the execution of the first instruction for the 
interrupt-handling procedure for the source. 

Interrupt latency for the 80960CA varies depending on 
conditions such as: 

— Complex instructions are executing when the inter- 
rupt occurs (e.g. sysctl, call^ ret, etc.). 

— Outstanding loads to a local register are pending, 
delaying the interrupt context switch. 

— Division, multiplication, or other multi-cycle in- 
structions with a local register as destination are 
executing. 

The 80960CA has been designed to optimize latency 
and throughput for interrupts. Two processor features 
are designed for this purpose: 

First, in the interrupt table, all interrupt vectors with 
an index whose least significant four bits are OOIO2 can 
be cached in internal data RAM. The processor will 
automatically read these vectors from data RAM when 
the interrupt is serviced. This feature reduces the added 
latency due to an external access of the interrupt table 
for that vector. The NMI vector is always cached in 
data RAM. 

Second, an instruction cache locking mechanism allows 
interrupt procedures or segments of interrupt proce- 
dures to be stored in the instruction cache. These rou- 
tines are always executed from the internal cache, elim- 
inating external code fetches and reducing latency and 
increasing thi:oughput for the interrupt. 
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3.10 Fault Handling and Instruction 
Tracing 

The 80960CA is able to detect various conditions in 
code or in its internal state that could cause the proces- 
sor to deliver incorrect or inappropriate results oi- that 
could cause it to head down an undesirable control 
path. These conditions are referred to as faults. The 
80960 architecture provides fault handling mechanisms 
to detect and, in most cases, fully recover from a fault. 

The 80960CA provides on-chip debug support by trig- 
gering trace events and servicing the trace fault. A trace 
event is activated when a particular instruction or type 
of instruction is encountered in an instruction stream. 
The trace event optionally signals a fault. A fault han- 
dling procedure for the trace fault can act as a debug 
monitor and analyze the state of the processor when the 
trace event occurred. 

3.10.1 FAULT TYPES AND SUBTYPES 

All of the faults that the processor detects are pre- 
defined. These faults are divided into types and sub- 
types, each of which is given a number. Table 3-4 hsts 
the faults that the processor detects arranged by type 
and subtype. 



Table 3-4. Fault Types and Subtypes 



Fault Type 


Fault Subtype 


Fault Record 


Parallel 




xxoo ooxx 


Trace 


Instruction Type 
Branch Trace 
Call Trace 
Return Trace 
Prereturn Trace 
Supervisor Trace 
Breakpoint Trace 


XX01 0002 
XX01 0004 
XX01 0008 
XX01 0010 
XX01 0020 
XX01 0040 
XX01 0080 


Operation 


Invalid Opcode 
Unimplemented 
Invalid Operand 


XX02 0001 
Xp02 0002 
XX02 0004 


Arithmetic 


Integer Overflow 
Arithmetic Zero-Divide 


XX03 0001 
XX03 0002 


Constraint 


Range 
Privileged 


XX05 0001 
XX05 0002 


Protection 


Length 


XX07 0001 


Type 


Mismatch 


XXOA 0001 



NOTE: X refers to preserved locations in the fault record. 











Local Procedure Fault Table Entry 
31 1 


1 

270669-13 


" 


Parallel Fault Entry 



8 
16 
24 

40 3 

56 

80 

252 


Trace Fault Entry 


Operation Fault Entry 


Arlthnnetic Fault Entry 


Address |o|0 








^stem Procedure Table Fault Table Entn 
31 1 




Protection Fault Entry 


Index 1 1 jo 
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Type Fault Entry 
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Figure 3-10. Fault Table 
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Address of Faulting Instruction 




r^ Reserved 





Figure 3-11. Fault Record 



3.10.2 FAULT TABLE 



The fault table (Figure 3-10) provides the processor 
with a pathway to fault handling procedures. The fault 
table is an architecture-defined data structure, which 
may be located anywhere in the processor's address 
space. The location of the fault table is specified at ini- 
tialization. When a fault occurs, an entry in the table is 
selected based on the type of fault that occurs. The 
entry in the fault table contains a pointer to a specific 
fault handler. 

The fault table can contain two types of entries (Figure 
3-10). The first type of entry is simply a pointer to the 
address of the fault-handling procedure. The second 
type of entry is an index into the system-procedure ta- 
ble. Fault-handling procedures accessed through the 
system-procedure table may be executed in user or su- 
pervisor execution mode. 

3.10.3 FAULT HANDLING ACTION 

When a fault occurs, the processor performs an implicit 
call operation to the procedure specified in the fault 
table. In addition to performing the implicit call opera- 
tion, the processor creates a fault record in its newly 
allocated stack frame. This fault record contains infor- 
mation on the state of the processor when the fault 
occurred and the fault type and subtype (Figure 3-11). 

Some faults can be recovered from easily. When recov- 
ery from a fault is possible, the processor's fault han- 
dling mechanism allows the processor to automatically 
resume work where the fault was signalled. The re- 
sumption action is initiated with the ret instruction. If 
simple recovery from a fault is not possible, then the 
fault handling procedure may call a debug monitor, ini- 
tiate a reset, or take other actions to recover from the 
fault. 

3.10.4 TRACING AND DEBUG 

The 80960CA provides a facility for monitoring the ac- 
tivity of the processor by tracing the instruction stream. 
A trace event occurs at points in a program where cer- 
tain types of instructions are encountered or a certain 



IP or data address is encountered. When a trace event 
occurs, a trace fault can be generated and a trace-fault 
handler called which displays or analyzes the state of 
the processor. 

3.10.4.1 Trace Events 

The Trace Control (TC) Register (Figure 3-12) is used 
to specify the types of instructions which cause trace 
events. When a mode bit in the TC register is set, spe- 
cific instructions will generate trace events. For exam- 
ple, if the branch trace mode bit is enabled and a 
branch instruction is executed, a branch trace event will 
be signalled. An event flag is used to record trace 
events. A single event flag is provided for each mode 
bit. Any trace event generates a trace fault when the 
trace enable bit in the process control register is set. 

The 80960CA recognizes 7 trace events. These events 
are described below. 

Instruction Trace Event — Signalled each time an in- 
struction is executed. This trace event can be used with 
a debug monitor to single step the processor. 

Branch Trace Event — Signalled each time a branch in- 
struction is executed. For conditional branch instruc- 
tions, this event is only signalled when the branch is 
taken. Branch-and-link, call, and return instructions do 
not signal this trace event. 

Call Trace Event — Signalled each time a branch-and- 
link or call instruction is executed. Implicit calls, such 
as those used in interrupt or fault handling, signal this 
event. When a call trace event occurs, the preretum 
trace flag (bit 3 in local register rO) is set by the proces- 
sor to indicate a prereturn trace pending. 

Pre-Return Trace Event — Signalled just prior to any ret 
instruction. This event is only signalled if the pre-return 
trace flag in register rO is set. Since the pre-return trace 
flag is set when a call trace event occurs, the call trace 
mode must be enabled before a pre-return trace event 
can be signalled. 

Return Trace Event — Signalled each time a ret instruc- 
tion is executed. 
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Trace Event Flags: 



nn 



Reserved 
(Initialized to 0) 



Instruction Trace Mode 
Branch Trace Mode 
Call Trace Mode 
Return Trace Mode 
Prereturn Trace Mode 
Supervisor Trace Mode 
Breakpoint Trace Mode 

Instruction Trace 
BrancIn Trace 
Call Trace 
' Return Trace 
Prereturn Trace 
Supervisor Trace 
Breakpoint Trace 
Data Address Breakpoint 
Data Address Breakpoint 1 
Instruction Address Breakpoint 
Instruction Address Breakpoint 1 



270669-15 



Figure 3-12. Trace Control Register 



Supervisor Trace i?ve«^— Signalled each time a calls in- 
struction is executed where the selected entry type is 
supervisor, or when a ret from supervisor mode is exe- 
cuted. 

Breakpoint Trace Events — Signalled each time a mark 
instruction, fmark instruction, or specified address is 
encountered in the instruction stream. The mark in- 
struction signals an event when the breakpoint trace 
mode is enabled, the fmark (force mark) instruction 
will generate a breakpoint trace event regardless of the 
value of the breakpoint trace mode bit. 

Two IP breakpoint registers and two internal data ad- 
dress breakpoint registers are provided on the 
80960CA. These breakpoints are loaded with an in- 
struction or data address using the system control 
(sysctl) instruction. When the address is encounteired 
and the breakpoint trace mode bit is set, a breakpoint 
trace event occurs. A corresponding instruction or data 
address event flag is set in the TC register when the 
address is encountered. 



3.10.5 PROCESSOR INiliALIZATiON 

The Initial Memory Image (IMI) are the data struc- 
tures needed to initiaUze the 80960CA (Figure 3-13). 
The initialization boot record, in reserved memory be- 
ginning at FFFFFFOOH, contains a pointer to the Proc- 
essor Control Block (PRCB). The PRCB in turn holds 
pointers to the data structures which are necessary to 
execute code on the 80960CA. The PRCB also holds 
several fields which contain information to initially 
configure the 80960CA. 



Processor initialization begins by asserting the RESET 
pin. At initiahzation the processor optionally performs 
an internal self-test. A bus confidence test is also per- 
formed by calculating a checksum of 8 words read from 
extern al memory. If either of these self-tests fails, the 
FAIL pin indicates the failure and the processor aborts 
initialization. If the self-test passes, the 80960CA con- 
tinues with initialization and branches to the first ad- 
dress of the user's code. 
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Address 
FFFFFFOOH 

FFFFFF10H 

FFFFFF14H 
FFFFFF18H 

FFFFFF2CH 


Fixed Data Structures 
Initialization Boot Record: 






Relocatable Data Structures 
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System Procedure Table 
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Figure 3-13. Initial Memory image 
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4.0 80960CA SYSTEM 
IMPLEMENTATION 

This section is an overview of the peripherals integrated 
with the 80960CA core. The features and operation of 
the Bus Controller, DMA Controller, Interrupt Con- 
troller, and the interfaces between these peripherals and 
the core are described. 



4.1 Peripheral Interface 

A program communicates with the on-chip peripherals 
by reading or modifying the special function registers 
(SFRs) or by loading control registers. The SFRs gen- 
erally serve to transfer status information and data be- 
tween a peripheral and the core, and the control regis- 
ters serve to configure the peripherals. SFRs are ac- 
cessed directly as instruction operands. The control 
registers are loaded by using the system control (sysctl) 
instruction. 



4.2 Bus Controller Unit 

The Bus Controller Unit (BCU) manages the data and 
instruction path between the 80960CA and external 
memory. Data operations and instruction fetches share 
a 32-bit data bus. Memory addresses are output on a 
separate 32-bit address bus. The BCU incorporates sev- 
eral advanced features to simplify the bus interface to 
external memory. A programmable memory region con- 
figuration table allows the characteristics of the exter- 
nal bus to be programmed differently for 16 separate 
regions in memory. The attributes of the external bus 
which are programmable include wait states and exter- 
nal ready cqntrol, data bus width (8, 16, or 32 bits), 
burst mode, address pipelining, and byte ordering. The 
region programmable bus options are described in this 
section. 



4.2.1 BUS TRANSFERS, ACCESSES, AND 
REQUESTS 

The distinction between transfer, bus access, and bus 
request, as these terms apply to the 8b960CA, must be 
presented before beginning a discussion of the BCU. 

Transfer — A bus transfer is defined simply as a move- 
ment of code or data between a memory system and the 
80960CA. A write transfer occurs when the memory 
system is the destination of a data movement. A read 
transfer occurs when the 80960CA is the destination 
for a data or a code fetch from memory. 

Bus Access — A bus access is defined as an address cycle 
and one or more transfers. In burst mode, an access can 
consist of a single address cycle and 1 to 4 transfers. 



Bus Request — A bus request is issued by the core and 
directed to the Bus Controller. A bus request is sent to 
the BCU when a load, store, or an atomic instruction is 
executed, or when an instruction fetch is needed. Bus 
requests are also issued by the core to perform DMA 
transfers. A bus request can consist of one or more bus 
accesses. For example, an aligned word (32-bit) request 
to an 8-bit memory region will result in four byte- 
length accesses. 

4.2.2 BUS CONTROL COPROCESSOR 

The 80960CA's peripherals are often referred to as co- 
processors, since their operation is decoupled from the 
execution of the instruction stream. As an integrated 
coprocessor, the BCU receives bus requests and inde- 
pendently carries out the action of moving data or code 
between the processor and external memory. The BCU 
uses a three deep queue to store pending bus requests. 
The queue decouples the core from the BCU, since a 
series of adjacent requests may be issued faster than the 
BCU can service each request. Two of the three queue 
entries store requests from a user's program (loads, 
stores, fetches, etc.). The third queue entry is used by 
requests originating from a DMA operation. This 
queue entry takes user requests when the DMA is 
turned off. The 80960CA alternates service of requests 
issued by the user program and requests issued by a 
DMA operation. 

4.2.3 SIGNAL DESCRIPTIONS 

The external bus signals consist of 30 address signals, 4 
byte enables, 32 data lines, and various control signals. 

D31-D0 * 32-bit Data Bus (bi-directional)— 32-, 16-, 
and 8-bit values are transmitted and re- 
ceived on these lines. The 8- and 16-bit 
quantities are transferred on the low order 
data lines when a memory region is config- 
ured respectively for an 8- or 16-bit bus. 

A31-A2 30-bit Address (outputs)— The 30-bit ad- 
dress bus identifies all external addresses to 
word (4-byte) boundaries. The byte enable 
lines indicate the selected byte in each 
word. 

BE3-BE0 Byte Enables (outputs)— The byte enables 
select which of 4 addressed bytes are active 
in a memory access. When a memory re- 
gion is c onfigu red for an 8-bit bus width, 
BEl and BEO act as the lower two bits of 
the addres s. F or a 16-bit memory region, 
BEl , BE3 , and BEO are encoded to provide 
Al, BHE, and BLE respectively. 

W/R Write or Read (output) — This signal is low 

for read accesses and high for write access- 
es. 



ADS 



Address Strobe (output) — Indicates valid 
address and the start of a new bus access. 
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DT/R Data Transmit or Receive (output) — 

Direction control for data transceivers; 
similar to W/R. 

DEN Data Enable (output) — Low during a 

bus request after the first address cy- 
cle. This signal is used to control data 
transceivers and to indicate the end of 
a bus request. 

WAIT Wait (output)— Indicates that wait 

states are being inserted by the internal 
wait state generator. 

READY Ready (input)— Signals that data is 

valid for a read transfer or ends data 
hold for a write transfer. This function 
can be disabled for a memory region. 

BTERM Burst Terminate (input) — ^Terminates 

a burst access. Another address is gen- 
erated to complete the request when 
the signal is deasserted. This function 
can be disabled for a memory region. 

D/C Data or Code (output) — Indicates a 

data transfer or a code fetch. 

DMA DMA Access (output) — Indicates that 

a bus request was initiated by either 
the user program or the DMA. 

SUP Supervisor Access (output) — Indicates 

that a bus access originated from a bus 
request issued in supervisor mode. 
This signal can be used to protect sys- 
tem data structures, or peripherals 
from errant modification by the user 
code. 



LOCK Lock (output) — Indicates that an 

atomic memory operation is in prog- 
ress. This signal can be used to inhibit 
external agents from modifying memo- 
ry which is atomically accessed. 

BLAST Burst Last (output) — Indicates the last 

transfer in a burst access. 

HOLD Hold (input)— HOLD can be used by 

a bus requester to request access to the 
bus. The processor asserts HLDA af- 
ter the current bus request or locked 
requests have completed. 

HOLDA Hold Acknowledge (output)— Indi- 

cates to a bus requester that the proc- 
essor has relinquished control of the 
bus. 

BREQ Bus Request (output) — Indicates that 

requests are queued in the bus control- 
ler and are waiting to be serviced. 
BREQ can be used for external bus ar- 
bitration logic in conjunction with 
HOLD and HLDA to regain bus mas- 
tership. 

Figure 4-1 shows the timing for a simple, non-burst, 
non-pipelined read and write access. The timing rela- 
tions for the key control signals are shown in this fig- 
ure. 
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Figure 4-1. Basic Read and Write Request 
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4.2.4 MEMORY REGION CONFIGURATION 
TABLE 

The BCU can be configured differently for 16 separate 
sections (referred to as regions) of the address space. 
The four most significant bits of a memory address dp- 
fine the location of each region in memory. The bus 
characteristics in a region are specified in the memory 
region configuration table. When a bus request is serv- 
iced, the BCU accesses the configuration table entry for 
the region addressed and services the request based on 
the bus characteristics programmed for that region. 
The characteristics programmed for each region are 
listed below: 



— Burst Mode (on/off) 

— Wait States 

(5 parameters) 

— Bus Width 

(8-, 16-, or 32-bit) 



Ready Inputs (on/off) 

Address Pipelining 
(on/off) 

Byte Ordering 
(Big/Little Endian) 



The flexibility of region programming simplifies the bus 
interface in applications where a memory system is 
made up of a variety of sub-systems, such as SRAM, 
DRAM, ROM, and memory mapped peripherals. Each 
memory sub-system can be mapped into a different re- 
gion in memory, and that region can be configured spe- 
cifically for the requirements of the particular memory 
sub-system. 



The configuration table is made up of 16 on-chip con- 
trol registers (Figure 4-2). Each register is programmed 
with the configuration information for a single region. 
Since the region table is located on-chip, access to re- 
gion information does not affect the performance of the 
bus. 

4.2.4.1 Burst Accesses 

The 80960CA BCU is capable of burst accesses to 
memory systems which are designed to support this fea- 
ture. Burst mode is intended to get the most perform- 
ance from low cost memory systems. A burst access is a 
single address cycle followed by successive data or in- 
struction transfers. The transfers reference data or in- 
structions at sequential addresses starting at the address 
which began the burst access (Figure 4-3). In a burst 
memory system, the upper 28 bits of an address remain 
fixed while the lower two bits A2 and A3 increment to 
access subsequent locations. 

Wait state timing for the first access of a burst request 
is controlled independently from the timing for subse- 
quent accesses. A memory sub-system using static col- 
umn mode or page mode DRAMs, for example, can 
take advantage of the short column access times for 
these devices by using burst mode. Interleaved ROM or 
EPROM systems can also be constructed which simul- 
taneously access several words and then use burst mode 
to multiplex the multi-word array onto the data bus. 
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Figure 4-3. Burst Memory Request 
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4.2.4.2 Programmable Wait State Generation 

The 80960CA may be interfaced with a variety of mem- 
ory sub-systems and peripherals with a minimum sys- 
tem cost and complexity. To achieve this interface flexi- 
bility, the 80960CA implements an internal program- 
mable wait state generator. Internally generated wait 
states eliminate the potential system delays which come 
from generating wait states with external logic. 

Wait states are programmed for each region in the 
memory region configuration table. The number of wait 
states is programmable over a range which allows effi- 
cient control of memory devices ranging from ultra-fast 
SRAMs to slow peripherals. An external ready signal is 
also provided for external wait state control. 

The wait states which can be generated by the 
80960CA are shown in Figure 4-4. In this table N is the 
number of wait states inserted. The wait states for read 
accesses and for write accesses are described by three 
parameters each. For read accesses, Nrad is the num- 
ber of states between the address cycle and the first 
data cycle and Nrdd is the number of states between 
consecutive data cycles in a burst access. For writes, 
NwAD is the number of states that data is held after an 
address cycle, and Nwdd is the number of states that 
data is held for consecutive data cycles in a burst write. 
For both reads and writes, Nxda is the number of 
dead cycles after the last data cycle and before the next 
address. 



4.2.4.3 READY Control 

The memory region configuration table allows the 
ready input (READY) to be enabled or disabled for 
each region. If the ready input is disabled, the external 
input has no effect on the wait states generated for a 
memory access; all wait states are generated internally. 
If the ready input is enabled, it works in conjunction 
with the programmable wait state generator. In this 



case, the ready input has no effect until the number of 
programmed wait states has expired. When the wait 
state counter reaches 0, the ready input is sampled, and 
wait states continue or are terminated based on the val- 
ue of the ready input. In order to gain complete exter- 
nal control over wait states, all wait state parameters 
for a region can be set to 0. 

4.2.4.4 Pipelined Reads 

The 80960CA BCU provides an address pipelining 
mode (Figure 4-5) to optimize the performance of in- 
struction and data fetches from external memory. 
When the pipelined read mode is enabled, an address 
cycle overlaps with the last data cycle in each access, 
effectively reducing the total time needed for each ac- 
cess. Pipelining mode is selected in each region by pro- 
gramming the memory region configuration table. 

4.2.4.5 Byte Ordering 

One of two configurations for byte ordering, often re- 
ferred to as little endian or big endian, is selected for 
each region by programming the memory region con- 
figuration table. The byte ordering options make the 
80960CA capable of sharing memory with a processor 
which uses either byte ordering scheme. Byte ordering 
refers to the way that the 80960CA relates internal data 
to the way that data is stored or fetched from memory. 
The little endian configuration orders the bytes in a 
short-word or word so that the least significant byte of 
the quantity is positioned at the lowest address and the 
most significant byte at the highest address in memory. 
Conversely, for the big endian configuration, the least 
significant byte is positioned at the highest address, and 
the most significant byte at the lowest address. For ex- 
ample, for little endian ordering, byte for word data 
would be found in memory at an address of the form 
XXXX XXXOH and, for big endian, at address XXXX 
XXX3H. 
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4.2.4.6 Data Alignment 

The 80960CA can service any aligned or non-aligned 
bus request. Aligned requests are directed to their natu- 
ral boundary in memory. In other words, the addresses 
for aligned requests are even multiples of the length of 
the data transferred. Non-aligned requests are not serv- 
iced directly by the BCU but are assisted by microcode. 
Microcode automatically breaks non-aligned requests 
into multiple aligned requests which are then reissued 
to the BCU. Depending on the degree of non-alignment 
and the length of the original request, the resulting re- 
quests by microcode will consist of a combination of 
byte, short-word, and double-word requests. The BCU 
is able to generate an operation-unaligned fault when a 
non-aligned bus request is first received. This fault can 
be selectively masked at initialization. 



4.3 DMA Controller 

The DMA controller is a high-performance, full-func- 
tioned integrated peripheral. The DMA controller can 
manage 4 channels of DMA transfer concurrent with 
program execution. Separate external control for each 
channel is provided. Each channel supports high-per- 
formance memory to memory transfers where the 
source and destination can be any combination of inter- 
nal data RAM or external memory. The DMA Con- 
troller supports various types of transfers such as high- 
speed fly-by transfers and data chaining with the use of 
linked descriptor lists in memory. 

The 80960CA's DMA controller is implemented using 
dedicated hardware and microcode. Because of the effi- 
ciency of the core, it is possible for the microcode to 
execute DMA transfers at high speeds. DMA transfers 
are performed by the core concurrently with execution 
of the user's program. Internal DMA logic is used for 
sampling requests, synchronizing transfers with exter- 
nal devices, and handling the service of multiple active 
channels. 



4.3.1 SIGNAL DESCRIPTIONS 

Twelve pins are dedicated to the DMA controller. 
Three pins are associated with each DMA channel. 
These pins are described below. In this description, the 
pin number co rrespond s to the channel number. For 
example, the DREQO pin is the request pin for 
channel 0. 

DMA Request (input) — This input in- 
dicates that an external device is re- 
questing a DMA transfer. A DMA 
transfer refers to the complete transfer 
of one byte, short-word, word, or quad- 
word, depending on the transfer data 
width selected for the channel. 



DACK3- 



DACKO 



D REQ3- 
DREQO 



DMA Acknowledge (output) — This 
output becomes active when the re- 
questing device is accessed. 

E OP3/TC3- End of Process (input) or Terminal 
EOPO/TCO Count (output) — This pin functions ei- 
ther as an input (EOPx) or as an output 
(TCx). When programmed as an out- 
put, the pin is driven active for one 
clock after byte count reaches zero and 
a DMA terminates. When programmed 
as an input, an external device can 
cause the DMA operation to terminate. 

4.3.2 DMA TRANSFERS 

The 80960CA DMA controller supports a variety of 
transfer modes and variations of these modes, allowing 
the DMA to adapt to a number of hardware systems 
and the performance requirements of these systems. 

4.3.2.1 Standard Block and Demand Mode 
Transfers 

A standard DMA transfer is made up of multiple bus 
requests. Loads from a source address are followed by 
stores to a destination address. The DMA controller 
issues the proper combination of these bus requests to 
execute the DMA transfer. For example, a typical 
DMA transfer betlween memory and an 8-bit peripheral 
could appear as a single byte load request directed to 
the source memory, followed by a single byte store re- 
quest directed to the 8-bit peripheral. 

The DMA controller has two basic transfer modes: 
block mode (uusynchronized) and demand mode (syn- 
chronized). Any DMA transfer will be serviced by one 
of these basic transfer modes. 

A block mode DMA is initiated by software. Block 
mode DMAs are generally between memory. Block 
mode DMA transfers are not synchronized with any 
type of request from an external device. Once the DMA 
begins, it will continue until the entire block is com- 
plete or until it is suspended. The source and destina- 
tion addresses for block mode transfers can be incre- 
mented or held constant for a DMA. 

A demand mode DMA is controlled by an external 
device. Demand mode DMAs are generally between an 
external device and memory. In demand mode, each 
individual DMA transfer can be synchronized with a 
request. The request is signalled when an ex ternal de - 
vice acti vates a DMA channel request pin (DREQ3- 
DREQO). The DMA controller acknowledg es this re - 
quest wi th the DMA acknowledge pin (DACK3- 
DACKO) when the requesting device is accessed. A de- 
mand mode transfer may be synchronized with either 
the source or the destination device. 
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4.3.2.2 Fly-by Transfers 

A fly-by transfer mode is provided for the most per- 
formance-critical DMA applications. Fly-by mode also 
makes very efficient use of the external bus during a 
DMA. Standard DMA transfers involve multiple bus 
requests: load requests directed to the source and a 
store request directed to the destination. Fly-by trans- 
fers only require a single bus request. For a fly-by trans- 
fer, memory sees a load or a store on the bus while the 
requesting device is selected by the DMA acknowledge 
pin. The data is never actually read from or written to 
the 80960CA. For memory to device transfers, the 
processor issues a load, and, while reading the memory, 
accesses the external device with the DMA acknowl- 
edge pin. The data is then written directly to the desti- 
nation device with a single bus request. For a device to 
memory transfer, the reverse operation is performed. 
The DMA issues a store, and, while writing the memo- 
ry, accesses the source device with the DMA acknowl- 
edge pin. In this case, the processor floats the data bus 
and the device's data is written directly into memory. 



4.3.2.3 Data Chaining 

Each DMA channel can be programmed in a data 
chaining mode. In this mode, all transfer information is 
taken from a linked-list descriptor in memory (Figure 
4-6). Data chaining is started by specifying a pointer to 
a descriptor in memory. The transfer continues until 



the number of bytes in the byte count field in the de- 
scriptor is transferred. At this time, another linked-list 
descriptor may be executed. The next descriptor is 
specified by the next-pointer field in the current de- 
scription. Da(ta chaining continues until a null pointer 
is encountered in the next-pointer field. Data chaining 
can be designated as source chaining, destination chain- 
ing, or both. 

In data chaining mode, an option exists which allows 
chaining descriptors to be updated while the DMA is 
running. When this option is enabled, the DMA sets a 
bit in the DMA's special functioii register after loading 
a descriptor and then checks this bit before loading the 
next descriptor. If the bit has been cleared by the user, 
the DMA continues; otherwise, the DMA waits for the 
next descriptor to be set up and for the user to clear the 
bit. An interrupt can be generated when each buffer is 
complete or when the DMA is terminated with a null 
pointer or the EOP pin. 

4.3.3 TRANSFER CHARACTERISTICS 

The DMA controller provides the programmer with a 
number of options for configuring the characteristics of 
a DMA transfer. Intelligent selection of transfer char- 
acteristics works to balance DMA performance and 
functionality with performance of the user program 
when the DMA is in progress. 
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The DMA controller provides features to optimize 
transfers by moving a maximum amount of data for 
each bus request issued. This is controlled by specifying 
the width of the source and destination directed bus 
requests for a DMA transfer, and by on-chip assembly 
or disassembly of the transfer when source and destina- 
tion are not of equal widths. 

Data alignment is performed automatically by the 
DMA controller when the source and destination of a 
transfer are not aligned. The alignment algorithm is 
optimized for many transfers, providing a performance 
comparable to the aligned transfer cases. 

4.3.3.1 Transfer Data Length 

The transfer data length specifies the length of bus re- 
quests directed to the source and destination in a stan- 
dard DMA transfer. Byte, short, word, or quad-word 
loads and stores are selected for either source or desti- 
nation when a DMA channel is set up. Assembly and 
disassembly of data is automatically performed when 
the source and destination widths are different. This 
feature provides the most efficient use of the bus when 
DMA transfers occur between a source and a destina- 
tion with different external bus widths. 



The DMA controller provides the option of using quad 
word transfers to enhance DMA performance. When 
quad transfers are specified, the DMA will request a 
four-word load request and four-word store request for 
each DMA transfer. The trade-off for the added DMA 
performance is latency on the external bus, preventing 
requests by the core, or by another DMA channel from 
being immediately serviced. 

4.3.3.2 Data Alignment 

The DMA controller supports transfer of source and 
destination data aligned to different byte boundaries in 
memory. The DMA implements microcode algorithms 
to transfer some non-aligned data with a performance 
level approaching that for aligned transfers. The DMA 
accomplishes this by attempting to issue the maximum 
number of aligned bus requests during a DMA (Figure 
4-7). As shown, most of the overhead due to non- 
aligned DMAs is incurred at the beginning and end of 
the DMA. DMAs with low byte counts, therefore, do 
not benefit as much from the data alignment features of 
the DMA. The alignment feature is optimized for 8-bit 
to 8-bit, 32-bit to 32-bit and for 8-bit and 32-bit combi- 
nations of source and destination lengths. 
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4.3.3.3 Channel Priority 

The DMA controller arbitrates the priority of the 4 
DMA channels. If multiple DMA channels are en- 
abled, the DMA controller will determine in which or- 
der each channel is serviced. 

The DMA controller can be configured in one of two 
priority modes, fixed mode or rotating mode. The fixed 
mode assumes a fixed priority for each channel with 
channel having the highest priority, followed by chan- 
nels 1, 2, and 3, with channel 3 having the lowest prior- 
ity. The rotating mode updates a channel's priority to 
the lowest priority after that channel's DMA is made. 
This insures that a single channel is never locked out by 
other active channels. The priority sequence is always 
in the same order, with priority rotating from the low 
channel numbers to the high channel numbers. 



4.3.3.4 Performance and Latency 
Considerations 

DMA operations and the user program share the re- 
sources of the core and of the external bus. DMA per- 
formance and the performance of the user program are 
coupled directly to the balance of load sharing between 
these two processes. The core resources necessary to 
perform a DMA transfer vary depending on the way a 
channel has been configured. For example, byte assem- 
bly and disassembly requires more processor overhead 
per byte of transfer than does a transfer in which the 
source and destination transfer lengths are equal. The 
performance of a DMA is also tightly coupled to the 
user program's use of the external bus. If the user pro- 
gram does not make frequent bus requests, the requests 
by the DMA controller will be serviced with little or no 
delay. 

The user can enhance performance of the DMA with 
trade-offs in system complexity and flexibility. Aligned 
transfers eliminate the microcode overhead needed to 
perform the internal alignments. DMAs between re- 
gions of equal transfer widths eliminate overhead for 



assembly and disassembly. Source or destination mem- 
ory configured as burst memory will provide the most 
efficient use of the DMA controller when the quad- 
transfer feature is enabled. Using the fly-by mode re- 
duces the number of bus requests needed for a DMA 
since fly-by mode uses only a single load or a single 
store request for each transfer. 

4.3.4 Di\/IA CONTROL AND CONFIGURATION 

The DMA Controller uses an SFR register, the DMA 
command (DMAC) register, and the setup DMA 
(sdma) instruction for configuration and control of a 
DMA. The sdma instruction is used to configure each 
DMA channel. Transfer widths, byte count, source and 
destination addresses for a DMA are specified in this 
instruction. 

The DMAC register (Figure 4-8) is described below. 

The channel enable field enables a DMA once the 
channel is set up. Clearing these bits will also cause a 
DMA transfer to be suspended. 

The terminal count field signals that byte count has 
reached zero and a DMA has ended. 

The channel active field indicates that a channel is idle 
or active. If set, this bit indicates that the channel is 
active. This implies that the channel is servicing a 
transfer or has a request pending. The active bits are 
status information only. 

The channel done field indicates that a DMA operation 
is complete. The done bits are status information only. 

The channel wait field is used for handshaking with a 
user program in data chaining mode. The DMA sets 
these bits when a new linked-list descriptor is read. The 
DMA will riot read the next descriptor until this bit is 
cleared by the user. The user can set up the next de- 
scriptor and then clear the channel wait bits to dynami- 
cally change descriptors. 
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Figure 4-8. DMA Command Register 
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A priority mode bit selects rotating or fixed priority 
mode. 

The throttle bit selects the maximum amount of core 
resources that the DMA microcode will receive in rela- 
tion to the execution of the user program. 

4.3.5 DMA INTERRUPTS 

The DMA controller is the source of 4 hardware inter- 
rupts in the 80960CA. The DMA Controller can be 
programmed to request an interrupt when a DMA is 
complete, or when a buffer transfer is completed in 
chaining mode. Each channel requests a different inter- 
rupt. 



troUer allows the 8 interrupt pins to be configured as 
dedicated inputs capable of requesting 8 interrupts, or 
as a vectored input capable of requesting up to 248 
interrupts. The NMI pin is always a dedicated input. 
The interrupt controller pins are described below. 

X INT7- External Interrupts (inputs) — These pins 
XINTO can be used as dedicated inputs, or acting 
together as an 8-bit number, request any in- 
terrupt. The inputs are edge or level detect- 
ed, and are optionally debounced internally. 

NMI Non-Maskable Interrupt (input) — NMI re- 

quests the highest priority interitipt. NMI 
is always taken and is not maskable (as the 
name implies), and not interruptable. 




4.4 Interrupt Controller 

The 80960CA Interrupt Controller manages interrupts 
which are requested by external agents or by the DMA 
Controller. The interrupt controller manages 4 internal 
DMA interrupt sources, a single NMI (Non-Maskable 
Interrupt) pin, and 8 external interrupt pins. Up to 248 
external interrupt sources can be supported by the in- 
terrupt controller. The interrupt controller handles the 
prioritization of software interrupts, hardware inter- 
rupts, and the process priority, and signals the core 
when interrupts are to be serviced. The interrupt con- 
troller prbvides the low-latency interrupt service fea- 
tured on the 80960CA. 



4.4.1 EXTERNAL INTERRUPTS 

The 80960CA provides 8 interrupt pins and one NMI 
pin for detecting external requests. The interrupt con- 



4.4.2 INTERRUPT MODES 

The 8 external interrupt pins can be configured in one 
of three modes: dedicated mode, expanded mode, or 
mixed mode (Figure 4-9). 



4.4.2.1 Dedicated Mode Interrupts 

In dedicated mode, each of the 8 interrupt pins acts as a 
dedicated input. When an external event is detected on 
an interrupt pin, a unique interrupt is requested for that 
pin. It is possible to map each dedicated pin to one of a 
number of possible interrupt vectors. This is accom- 
plished by programming the interrupt map (IMAP) 
control registers with an interrupt vector number for 
each pin. (Recall that interrupt vector numbers are 
8-bit values which reference the 248 vectors in the in- 
terrupt table.) 
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Figure 4-9. Interrupt Modes 
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Only the upper four bits of the vector number can be 
programmed for a dedicated mode interrupt. The lower 
four bits are fixed at the value OOIO2. With four pro- 
grammable bits, one of 15 interrupt vectors is available 
for each dedicated pin. These interrupt vectors span the 
even priority levels from priority 2 to 30. The vector at 
priority is not defined. 

The 15 interrupt vectors available to dedicated sources 
can be cached, in internal data RAM. If this interrupt 
vector caching feature is selected, the processor will au- 
tomatically fetch the vector from data RAM, eliminat- 
ing the latency caused by a bus request for a vector in 
external memory. 

The DMA Controller can request four interrupts to sig- 
nal the end of a DMA for each of four channels. The 
four interrupt signals from the DMA are handled by 
the interrupt controller in the same way as an interrupt 
pin configured as a dedicated input. Each of the four 
DMA sources may request one of 15 interrupts by pro- 
gramming the IMAP for that source. 

4.4.2.2 Expanded Mode Interrupts 

In expanded mode, e x ternal h ardware considers the in- 
terrupt pins (XINT0-XINT7) as an 8-bit binary num- 
ber. This number is used directly as the interrupt vector 
number. Each of the 248 possible interrupt vectors can 
be referenced in this way, allowing a separate external 
source for each vector. External hardware is responsi- 
ble for recognizing individual hardware sources and 
then driving the interrupt vectbr number corresponding 
to that source onto the interrupt pins. 

4.4.2.3 Mixed Mode Interrupts 

In mixed mode, the 8 interrupt pins are divided into 
two functional sets. One set functions in dedicated 



mode, the other in expanded mode. In mix ed mode , 
three p ins are dedicated interrupt pins (XINT7- 
XINT5). A programmable vector number is associated 
with each of t hese pin s. The remaining five interrupt 
pins (XINT4-XINT0) are treated as the most signifi- 
cant five bits of the expanded mode vector number. The 
lower order bits are internally forced to OIO2 to form 
the full 8-bit value for the vector number. 



4.4.3 INTERRUPT CONTROLLER SETUP 

The interrupt controller uses two special function regis- 
ters to manage interrupt requests by hardware sources. 
The hardware interrupt pending register (IPND) and 
the hardware interrupt mask register (IMSK) are ad- 
dressed as sfO and sf 1 respectively. A single bit in each 
register corresponds to each of the 8 possible external 
sources and 4 DMA sources for hardware interrupts. 
The IMSK register performs the function of masking 
hardware interrupts and the IPND register implements 
posting of interrupts requested by hardware. When 
configured for expanded or mixed mode interrupts, bit 
of the IMSK register globally masks the expanded 
mode interrupts. 

4.4.4. NON-MASKABLE INTERRUPT 

In addition to the maskable hardware interrupts, a sin- 
gle Non-Maskable Interrupt (NMI) is provided. A dedi- 
cated NMI pin is used to request this interrupt. NMI is 
defined as a higher priority than any hardware inter- 
rupt, software interrupt, or process priority. The NMI 
procedure, therefore, can never be interrupted and 
must execute the return instruction before other proce- 
dures can execute. The NMI procedure is entered 
through vector 248. This vector is cached in internal 
data RAM at initialization to reduce latency for the 
NMI. 
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APPENDIX A 
80960CA CORE IMPLEMENTATION 



The 80960CA Core is a high-performance implementa- 
tion of the 80960 Core Architecture. This section brief- 
ly describes the microarchitecture of the 80960CA core 
and the key constructs used to achieve parallel instruc- 
tion execution. 

The 80960CA core can be divided into the 6 main sub- 
units listed below. 

— Instruction Sequencer 

— Register File 

— Execution Unit 

— Multiply and Divide Unit 

— Address Generation Unit 

— Static Data RAM and Local Register Cache 

Figure A-1 is a simple block diagram of the 80960CA. 
The nucleus of the processor is the Instruction Se- 
quencer and Register File. The other subunits of the 
core, referred to as coprocessors, radiate from these 
units, connecting to either the register (REG) side or 
the memory (MEM) side of the processor. The Instruc- 
tion Sequencer issues directives, via the REG and 
MEM interfaces, which target a specific coprocessor. 
That coprocessor then executes an express function vir- 
tually decoupled from the IS and the other coproces- 



sors. The REG and MEM data busses shown in Figure 
A-1 are used to transfer data between the common 
Register File and the coprocessors. 



A.1 Instruction Sequencer 

The Instruction Sequencer (IS) decodes the instruction 
stream and drives the decoded instruction stream onto 
the coprocessor interfaces. In a single clock, the IS de- 
codes up to 4 instruction and issues up to three of these 
instructions to the on-chip coprocessors or to the IS 
itself. One register (REG) format, one memory (MEM) 
format, and one control or control and branch (CTRL 
or COBR) format instruction can be issued at one time. 
These instructions are directed respectively to the REG 
coprocessors, the MEM coprocessors, or to the IS. The 
ability to issue multiple instructions in parallel can re- 
sult in the simultaneous execution of many instructions 
at once. An optimizing compiler or hand optimization 
of assembly code can easily produce an instruction 
stream which takes full advantage of the parallel execu- 
tion of the core. 

A technique known as resource scoreboarding is used to 
manage the parallel execution of instructions and the 
common resources of the processor. A coprocessor, for 
example, can scoreboard itself, indicating that it cannot 





80960CA Core 



! REG Coprocessor Side 
REG Coprocessor Interface 



Instruction 

Sequencer 

(IS) 



{ MEM Coprocessor Side { 
MEM Coprocessor Interface 





Figure A-1. 80960CA Block Diagram 
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act on another instruction until an instruction currently 
executing on that coprocessor is completed. A specific 
form of resource scoreboarding is referred to as register 
scoreboarding. When the computation stage of an in- 
struction takes more than one clock, the destination 
register or registers for the result are scoreboarded as 
busy. A subsequent operation needing that particular 
register will be delayed until the multi-clock operation 
is completed. Instructions which do not use the score- 
boarded registers can be executed in parallel. 

The IS manages a three stage parallel instruction pipe- 
line (Figure A-2). In the first stage of the pipeline (pipe 
0), the address of the next instruction is calculated. 
This address may be the next sequential instruction, the 
target of a branch, or a location in microcode. In the 
second stage of the pipeline (pipe 1), the instructions 
are issued to the rest of the machine. In the third stage 
(pipe 2), the instruction computation is started, and for 
single cycle instructions, a result is returned. 

Several microarchitectural features of the core are de- 
signed to minimize performance loss due to pipeline 
breaks. 



ten to its destination register. Bypassing the register file 
saves the one clock cycle break which would otherwise 
occur while waiting for the value to be written to the 
register file and the register scoreboard to be cleared. 

On-chip Cache — The on-chip instruction cache and lo- 
cal register cache eliminate many pipeline breaks which 
will occur if the IS is forced to wait for code or data to 
be moved between the 80960CA and external memory. 

Register File Access — The Register File allows multiple 
instructions to gain access to the register set simulta- 
neously. This eliminates pipeUne breaks which would 
be caused by a loss of access to the register set by any 
coprocessor. 

A.1.1 INSTRUCTION CACHE 

The IS includes a 1 Kbyte two-way set associative in- 
struction cache capable of delivering up to four instruc- 
tions each clock to the Instruction Sequencer. The 
cache allows inner loops of code to execute with no 
external instruction fetches. 



Branch Prediction — To minimize pipdine breaks due to 
branching, the user can specify the direction that a con- 
ditional branch instruction will usually follow. The 
processor will execute along the specified instruction 
path with no pipeline break. If the branch direction 
specified was the direction actually selected by Execu- 
tion of the conditional branch, no pipeline break oc- 
curs. The direction of the branch guess is determined 
by a bit value in the CTRL format instructions. 

Register Bypassing — Register bypassing is a feature 
which forwards the result of an instruction for immedi- 
ate use as the source of another instruction. This for- 
warding occurs at the same time that the value is writ- 



A.1.2 MICROCODE ROM 

The 80960CA uses microcode ROM to implement com- 
plex instructions and functions. This includes calls, re- 
turns, DMA transfers, and initialization sequences. Mi- 
crocode provides an inexpensive and simple method for 
implementing complex instructions in the mostly RISC 
environment of the 80960CA. When the IS encounters 
a microcoded instruction, it automatically branches to 
the microcode routine. The 80960CA performs this mi- 
crocode branch in clocks. 



State 
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3 
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Figure A-2. Instruction Pipeline 
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A.2 Register File 

The Register File (RF) contains the 16 local and 16 
global registers. The register file has six ports (Figure 
A-3), allowing parallel access of the register set by sev- 
eral 80960CA coprocessors. This parallel access results 
in an ability to execute one simple logic or arithmetic 
instruction, one memory operation (load/store), and 
one address calculation per clock. 

MEM coprocessors interface to the RF with a 128-bit 
wide load bus and a 128-bit wide store bus. These bus- 
ses enable movement of up to 4 words per clock to and 
from the RF. These busses also allow LOAD data from 
a previous read access and STORE data from a current 
write access to be processed in the register file simulta- 
neously. An additional 32-bit port allows an address or 
address reduction operand to be simultaneously fetched 
by the Address Generation Unit. 

REG coprocessors interface to the RF with two 64-bit 
source busses and a single 64-bit destination bus. With 
this bus structure, two source operands are simulta- 
neously issued to a REG coprocessor when an instruc- 
tion is issued. A 64-bit destination bus allows the result 
from the previous operation to be written to the RF at 
the same time that the current operation's source oper^ 
ands are issued. 



A.3 Execution Unit 

The Execution Unit is the 32-bit Arithmetic and Logic 
Unit of the 80960CA Core. The EU can be viewed as a 
self-contained REG coprocessor with its own instruc- 
tion set. As such, the EU is responsible for executing or 
supporting the execution of all the integer and ordinal 
arithmetic instructions, the logic and shift instructions, 
the move instructions, the bit and bit field instructions, 
and the compare operations. The EU performs any 
arithmetic or logical instructions in a single clock. 



A.4 IMultiply Divide Unit 

The Multiply and Divide Unit (MDU) is a REG coproc- 
essor which performs integer and ordinal multiply, di- 
vide, remainder, and modulo operations. The MDU de- 
tects integer overflow and divide by zero errors. The 
MDU is optimized for multiplication, performing 32- 
bit multiplies in 4 clocks. The MDU performs multi- 
plies and divides in parallel with the main execution 
unit. 



A.5 Address Generation Unit 

The Address Generation Unit (AGU) is a MEM coproc- 
essor which computes the effective addresses for memo- 
ry operations. It directly executes the load address in- 
struction (Ida) and calculates addresses for loads and 
stores based on the addressing mode specified in these 
instructions. The address calculations are performed in 
parallel with the main execution unit (EU). 



A.6 Data FtAIUI and Local Register 
Cache 

The Data RAM and Local Register Cache is part of a 
1.5 Kbyte block of on-chip Static RAM (SRAM). 
1 Kbyte of this SRAM is mapped into the 80960CA's 
address space from location OOOOOOOOH to 
000003FFH. A portion of the remaining 512 bytes is 
dedicated to the Local Register Cache. This part of 
internal SRAM is not directly visible to the user. Loads 
and Stores, including quad-word accesses, to the inter- 
nal SRAM are typically performed in only one clock. 
The complete local register set, therefore, can be moved 
to the local register cache in only four clocks. 
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• Two Instructions/Clock Sustained Execution 
Four 59 Mbytes/s DMA Clianneis witli Data Cliaining 
• Demuitiplexed 32'bit Burst Bus witt) Pipelining 



32-bit Parallel Architecture 

— TWO Instructions/clock Execution 
^ Load/Store Architecture 

— Sixteen 32-bit Global Registers 

— Sixteen 32-bit Local Registers 

— l\/lanipulates 64-bit Bit Fields 

— 11 Addressing Modes 

— Full Parallel Fault Model 

— Supervisor Protection Model 

Fast Procedure Call/Return Model 

— Full Procedure Call in 4 Clocks 

On-Chip Register Cache 

— Caches Registers on Call/Ret 

— Minimum of 6 Frames Provided 

— Up to 15 Programmable Frames 

On-Chip instruction Cache 

— 1 Kbyte Two-Way Set Associative 

— 128-bit Path to Instruction Sequencer 

— Cache-Lock Modes 

— Cache-Off Mode 

High Bandwidth On-Chip Data RAM 
-- 1 Kbyte On-Chip Data RAM 

— Sustains 128 bits per Clock Access 



Four On-Chip DMA Channels 

— 59 Mbytes/s Fly-by Transfers 

— 32 Mbytes/s TWo-Cycle Transfers 
— ' Data Chaining 

^ Data Packing/Unpackinp 

— Programmable Priority Method 

32-Bit Demultiplexed Burst Bus 

^ 128-bit Internal Data Paths to and 

from Registers 
-— Burst Bus for DRAM Interfacing 

— Address Pipelining Option 

— Fully Programmable Wait States 

— Supports8-, 16- or 32-bit Bus Widths 

— Supports Unaligned Accesses 
^ Supervisor Protection Pin 

Selectable Big or Little Endian Byte 
Ordering 

High-Speed Interrupt Controller 

— Up to 248 External Interrupts 

— 32 Fully Programmable Priorities 

— Multi-mode 8-bit Interrupt Port 

— Four Internal DMA Interrupts 

— - Separate, Non-maskable Interrupt Pin 

— Context Switch In 750 hs Typical 
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1.0 PURPOSE 

This document provides electrical characteristics for 
the 33, 25 and 16 MHz versions of the 80960CA. For 
a detailed description of any 80960CA functional 
topic — other than parametric performance-^-consult 
the 80960CA Product Overview (Order No. 270669) 
or the i96(fi CA Microprocessor User's Manual 
(Order No. 270710). To obtain data sheet updates 
and errata, please call Intel's FaxBACK® data -on- 
demand system (1-800-628-2283 or 916-356-3105). 
Other information can be obtained from Intel's tech- 
nical BBS (916-356-3600). 

2.0 80960CA OVERVIEW 

The 80960CA is the second-generation member of 
the 80960 family of embedded processors. The 
80960CA is object code compatible with the 32-bit 
80960 Core Architecture while Including Special 
Function Register extensions to control on-chip 
peripherals and instruction set extensions to shift 64- 
bit operands and configure on-chip hardware. 
Multiple 128-bit internal buses, on-chip instruction 
caching and a sophisticated instruction scheduler 
allow the processor to sustain execution of two 
instructions every clock and peak at execution of 
three instructions per clock. 



A 32-bit demultiplexed and pipelined burst bus 
provides a 132Mbyte/s bandwidth to a system's 
high-speed extemal memory sub-system. In 
addition, the 80960CA's on-chip caching of instruc- 
tions, procedure context and critical program data 
substantially decouple system performance from the 
wait states associated with accesses to the system's 
slower, cost sensitive, main memory subsystem. 

The 80960CA bus controller integrates full wait state 
and bus width control for highest system perfor- 
mance with minimal system design complexity. 
Unaligned access and Big Endian byte order support 
reduces the cost of porting existing applications to 
the 80960CA. 

The processor also integrates four complete data- 
chaining DMA channels and a high-speed interrupt 
controller on-chip. DMA channels perform: single- 
cycle or two-cycle transfers, data packing and 
unpacking and data chaining. Block transfers—in 
addition to source or destination synchronized trans- 
fers—are provided. 

The interrupt controller provides full programmability 
of 248 interrupt sources into 32 priority levels with a 
typical Interrupt task switch ("latency") time of 
750 ns. 



Instruction Prefetch Queue 



Instruction Cache 
(1 KByte, Two-way 
Set Associative) 
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Port 
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Interrupt Controller 
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Figure 1. 80960CA Block Diagram 
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2.1 The C-Series Core 

The C-Series core is a very high performance 
microarchitectural Implementation of the 80960 Core 
Architecture. The C-Series core can sustain execu- 
tion of two instructions per clock (66 MIPs at 
33 MHz). To achieve this level of performance. Intel 
has incorporated state-of-the-art silicon technology 
and innovative microarchitectural constructs into the 
Implementation of the C-Series core. Factors that 
contribute to the core's performance include: 

• Parallel instruction decoding allows issuance of 
up to three instructions per clock 

Single-clock execution of most instructions 

Parallel instruction decode allows sustained, 
simultaneous execution of two single-clock 
instructions every clock cycle 

Efficient instruction pipeline minimizes pipeline 
break losses 

Register and resource scoreboarding allow simul- 
taneous multi-clock instruction execution 

Branch look-ahead and prediction allows many 
branches to execute with no pipeline break 

Local Register Cache integrated on-chip caches 
Call/Return context 

Two-way set associative, 1 Kbyte Integrated 
instruction cache 

1 Kbyte integrated Data RAM sustains a four- 
word (128-bit) access every clock cycle 



2.2 Pipelined, Burst Bus 

A 32-blt high performance bus controller interfaces 
the 80960CA to external memory and peripherals. 
The Bus Control Unit features a maximum transfer 
rate of 132 Mbytes per second (at 33 MHz). Inter- 
nally programmable wait states and 16 separately 
configurable memory regions allow the processor to 
interface with a variety of memory subsystems with a 
minimum of system complexity and a maximum of 
performance. The Bus Controller's main features 
include: 



Demultiplexed, Burst Bus to exploit most efficient 
DRAM access modes 

Address Pipelining to reduce memory cost while 
maintaining performance 

32-, 16- and 8-bit modes for I/O interfacing ease 

Full intemal wait state generation to reduce 
system cost 

Little and Big Endian support to ease application 
development 

Unaligned access support for code portability 

Three-deep request queue to decouple the bus 
from the core 



2.3 Flexible DMA Controller 

A four-channel DMA controller provides high speed 
DMA control for data transfers Involving peripherals 
and memory. The DMA provides advanced features 
such as data chaining, byte assembly and disas- 
sembly and a high performance fly-by mode capable 
of transfer speeds of up to 59 Mbytes per second at 
33 MHz. The DMA controller features a performance 
and flexibility which is only possible by integrating 
the DMA controller and the 80960CA core. 



2.4 Priority Interrupt Controller 

A programmable-priority interrupt controller 
manages up to 248 external sources through the 8- 
blt external interrupt port. The Interrupt Unit also 
handles the four internal sources from the DMA 
controller and a single non-maskable interrupt input. 
The 8-bit interrupt port can also be configured to 
provide Individual interrupt sources that are level or 
edge triggered. 

Interrupts in the 80960CA are prioritized and 
signaled within 270 ns of the request. If the interrupt 
is of higher priority than the processor priority, the 
context switch to the interrupt routine typically is 
complete In another 480 ns. The interrupt unit 
provides the mechanism for the low latency and high 
throughput interrupt service which is essential for 
embedded applications. 
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2.5 Instruction Set Summary 

Table 1 summarizes the 80960CA instruction set by logical groupings. See the i96Cf^ CA Microprocessor 
User's Manual for a complete description of the instruction set. 

Table 1. 80960CA Instruction Set 



Data 
Movement 


Arithmetic 


Logical 


Bit and Bit Field 
and Byte 


Load 
Store 
Move 
Load Address 


Add 

Subtract 

Multiply 

Divide 

Remainder 

Modulo 

Shift 

^Extended Shift 

Extended Multiply 

Extended Divide 

Add with Carry 

Subtract with Carry 

Rotate 


And 

Not And 
And Not 
Or 

Exclusive Or 
Not Or 
Or Not 
Nor 

Exclusive Nor 
Not 
Nand 


Set Bit 

Clear Bit 

Not Bit 

Alter Bit 

Scan For Bit 

Span Over Bit 

Extract 

IVIodify 

Scan Byte for Equal 


Comparison 


Branch 


Call/Return 


Fault 


Compare 

Conditional Compare 

Compare and 
Increment 

Compare and 
Decrement 

Test Condition Code 

Check Bit 


Unconditional Branch 
Conditional Branch 
Compare and Branch 


Call 

Call Extended 

Call System 

Return 

Branch and Link 


Conditional Fault 
Synchronize Faults 


Debug 


Processor 
Management 


Atomic 




Modify Trace Controls 

Mark 

Force Mark 


Flush Local Registers 

Modify Arithmetic 
Controls 

Modify Process 
Controls 

*System Control 

*DMA Control 


Atomic Add 
Atomic Modify 





NOTES: 

Instructions marked by (*) are 80960CA extensions to the 80960 instruction set. 
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3.0 PACKAGE INFORMATION 



3.1 Package Introduction 

This section describes the pins, pinouts and thermal 
characteristics for the 80960CA in the 168-pin 
Ceramic Pin Grid Array (PGA) package and the 196- 
pin Plastic Quad Flat Package (PQFP). For complete 
package specifications and information, see the 
Packaging Handlx)ok (Order No. 240800). 



3.2 Pin Descriptions 

The 80960CA pins are described in this section. 
Table 2 presents the legend for interpreting the pin 
descriptions in the following tables. Pins associated 
with the 32-blt demultiplexed processor bus are 
described in Table 3. Pins associated with basic 
processor configuration and control are described in 
Table 4. Pins associated with the 80960CA DMA 
Controller and Interrupt Unit are described in Table 5. 

All pins float while the processor is in the ONCE 
mode. 



Table 2. Pin Description Nomenclature 



Symbol 


Description 


1 


Input only pin 





Output only pin 


I/O 


Pin can be either an input or output 


- 


Pins "must be" connected as described 


S(...) 


Synchronous. Inputs must meet setup 
and hold times relative to PCLK2:1 for 
proper operation. All outputs are 
synchronous to PCLK2:1 . 
S(E) Edge sensitive input 
S(L) Level sensitive input 


A(...) 


Asynchronous. Inputs may be 
asynchronous to PCLK2:1. 
A(E) Edge sensitive input 
A(L) Level sensitive input 


H(...) 


While the processor's bus is in the 
Hold Acknowledge or Bus Backoff state, 
the pin: 

H(1) is driven to Vcc 

H(0) is driven to Vss 

H(Z) floats 

H(Q) continues to be a valid input 


R(...) 


While the processor's RESET pin is low, 
the pin: 

R(1) is driven to Vcc 

R(0) is driven to Vss 

R(Z) floats 

R(Q) continues to be a valid output 
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Table 3. 80960CA Pin Description — External Bus Signals 



Name 


Type 


Description 


A31:2 




S 

H(Z) 
R(Z) 


ADDRESS BUS carries the physical address' upper 30 bits. A31 Is the most 
significant address bit; A2 is the least significant. During a bus access, A31 :2 Identify 
all external addresses to word (4-byte) boundaries. The byte enable signals indicate 
the selected byte in each word. During burst accesses, A3:2 increment to Indicate 
successlved^ta, cycles. 


D31:0 


I/O 

S(L) 
H(Z) 
R(Z) 


DATA BUS carries 32-, 16- or 8-blt data quantities depending on bus width configu- 
ration. The least significant bit of the data Is carried on DO and the most significant on 
D31, When the bus is configured for 8-blt data, the lower 8 data lines, D7:0 are used. 
For 16-blt data bus widths, D15:0 are used. For 32-bit bus widths the full data bus Is 
used. 


BE3:0 




s 

H(Z) 
R(1) 


BYTE ENABLES select which of the four bytes addressed by A31 :2 are active during 
an access to a memory reqlon conflaured for a 32-bit data-bus width. BE3 apolies to 
D31 :24; BE2 applies to D23:1 6; BE1 applies to D1 5:8 BEO applies to D7:0. 

32-bit bus: BE3 -Byte Enable 3 -enable D31 :24 

BE2 -Byte Enable 2 -enable D23:1 6 

BE1 -Byte Enable 1 -enable D1 5:8 

BEO -Byte Enable -enable D7:0 

For accesses to a memory reqlon confiqured for a 1 6-bit data-bus width, the 
processor uses the BE3, BE1 and BEO pins as BHE, A1 and BLE respectively 

16-bit bus: BE3 -Byte High Enable (BHE) -enable D1 5:8 

BE2 -Not used (driven high or low) 

BE1 -Address Bit 1 (A1) 

BEO -Byte Low Enable (BLE) -enable D7:0 

For accesses to a memory reqlon confiqured for an 8-bit data-bus width, the 
processor uses the BE1 and BEO pins as A1 and AO respectively 

8-bit bus: BE3 -Not used (driven high or low) 

BE2 -Not used (driven high or low) 

BE1 -Address Bit 1 (A1) 

BEO -Address Bit (AO) 


W/R 




s 

H(Z) 
R(0) 


WRITE/READ is asserted for read requests and deasserted for write requests. The 
W/R signal changes In the same clock cycle as ADS. It remains valid for the entire 
access in non-pipelined regions. In pipelined regions, W/R Is not guaranteed to be 
valid In the last cycle of a read access. 


ADS 




8 

H(Z) 
R(1) 


ADDRESS STROBE indicates a valid address and the start of a new bus access. 
ADS is asserted for the first clock of a bus access. 
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Table 3. 80960CA Pin Description — External Bus Signals (Continued) 



Name 


Type 


Description 


READY 


1 

S(L) 
H(Z) 
R(Z) 


READY is an input which signals the termination of a data transfer. READY is used to 
indicate that read data on the bus is valid or that a write-data transfer has completed. 
The READY signal works in coniunction with the internally oroarammed wait-state 
qenerator. If READY is enabled in a reqion, the pin is sampled after the oroarammed 
number of wait-states has expired. If the READY pin is deasserted. wait states 
continue to be inserted until READY becomes asserted. This is true for the Nrad. 
Nrdd. Nwad ^'^^ NwDD wait states. The Nxda wait states cannot be extended. 


BTERM 


S(L) 
H(Z) 
R(Z) 


BURST TERMINATE is an input which breaks up a burst access and causes another 
address cycle to occur. The BTERM signal works in coniunction with the internally 
programmed wait-state generator If READY and BTERM are enabled in a region, the 
BTERM pin is sampled after the programmed number of wait states has expired. 
When BTERM is asserted, a new ADS signal is generated and the access is 
completed. The READY input is ignored when BTERM is asserted. BTERM must be 
externally synchronized to satisfy BTERM setup and hold times. 


WAIT 




8 
H(Z) 
R(1) 


WAIT indicates internal wait state generator status. WAIT is asserted when wait • 
states are being caused by the internal wait state generator and not by the READY or 
BTERM inputs. WAIT can be used to derive a write-data strobe. WAIT can also be 
thought of as a READY output that the processor provides when it is inserting wait 
states. 


BLAST 




8 
H(Z) 
R(0) 


BURST LAST indicates the last transfer in a bus access. BLAST is asserted in the 
last data transfer of burst and non-burst accesses after the wait state counter reaches 
zero. BLAST remains asserted until the clock following the last cycle of the last data 
transfer of a bus access. If the READY or BTERM input is used to extend wait states, 
the BLAST signal remains asserted until READY or BTERM terminates the access. 


DT/R 




8 
H(Z) 
R(0) 


DATA TRANSMIT/RECEIVE indicates direction for data transceivers. DT/R Is used in 
conjunction with_DEN to provide control for data transceivers attached to the external 
bus. When DT/R is asserted, the signal indicates that the processor receives data. 
Conversely, when deasserted, the processor sends data. DT/R changes only while 
DEN is high. 


DEN 


O 

8 
H(Z) 
R(1) 


DATA ENABLE indicates data cycles in a bus request. DEN is asserted at the start of 
the bus request first data cycle and is deasserted at the end of the last data cycle. 
DEN is used in conjunction with DT/R to provide control for data transceivers 
attached to the external bus. DEN remains asserted for sequential reads from 
pipelined memory regions. DEN is deasserted when DT/R changes. 


LOCK 




8 
H(Z) 
R(1) 


BUS LOCK indicates that an atomic read-modify-write operation is in progress. LOCK 
may be used to prevent external agents from accessing memory which is currently 
involved in an atomic operation. LOCK is asserted in the first clock of an atomic 
operation and deasserted in the clock cycle following the last bus access for the 
atomic operation. To allow the most flexibility for memory system enforcement of 


locked accesses, the processor acknowledges a bus hold request when LOCK is 


asserted. The processor performs DMA transfers while LOCK is active. 


HOLD 


1 
S(L) 
H(Z) 
R(Z) 


HOLD REQUEST signals that an external agent requests access to the external bus. 
The processor asserts HOLDA after completing the current bus request. HOLD, 
HOLDA and BREQ are used together to arbitrate access to the processor's external 
bus by external bus agents. 
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Table 3. 80960CA Pin Description — External Bus Signals (Continued) 



Name 


Type 


Description 


BOFF 


S(L) 
H(Z) 
R(Z) 


BUS BACKOFF, when asserted, suspends the current access and causes the bus 
pins to float. When BOFF is deasserted, the ADS signal is asserted on the next dock 
cycle and the access is resumed. . 


HOLDA 




s 

H(1) 

R(Q) 


HOLD ACKNOWLEDGE indicates to a bus requestor that the processor has relin- 
quished control of the external bus. When HOLDA is asserted, the external address 
bus, data bus and bus control signals are floated. HOLD, BOFF, HOLDA and BREQ 
are used together to arbitrate access to the processor's external bus by external bus 
aaent^. Since the processor grants HOLD requests and enters the Hold Acknowiedqe 
state even while RESET is asserted, the state of the HOLDA pin Is independent of the 
RESET pin. 


BREQ 




s 

H(Q) 
R(0) 


BUS REQUEST is asserted when the bus controller has a request pending. BREQ 
can be used by external bus arbitration logic in conjunction with HOLD and HOLDA to 
determine when to return mastership of the external bus to the processor. 


D/C 




s 

H(Z) 
R(Z) 


DATA OR CODE is asserted for a data request and deasserted for instruction 
requests. D/C has the same timing as W/R. 


DMA 




s 

H(Z) 
R(Z) 


DMA ACCESS indicates whether the bus request was initiated by the DMA controller. 
DMA is asserted for any DMA request. DMA is deasserted for all other requests. 


SUP 




s 

H(Z) 
R(Z) 


Supervisor access indicates whether the bus request is issued while in 
supervisor mode. SUP is asserted when the request has supervisor privileges and is 
deasserted othenvlse. SUP can be used to isolate supervisor code and data 
structures from non-supen/isor requests. 
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Table 4. 80960CA Pin Description •— Processor Control Signals 



Name 


Type 


Description 


RESET 


1 

A(L) 
H(Z) 
R(Z) 


RESET causes the chip to reset. When RESET is a'feserted. all external signals 
return to the reset state. When RESET is deasserted. initialization b6ains. When 
the 2-x clock mode is selected, RESET must remain asserted for 32 CLKIN cycles 
before beina deasserted to guarantee correct processor initialization. When the 1-x 
clock mode is selected, RESET must remain asserted for 10,000 CLKIN cycles 
before being deasserted to guarantee correct processor initialization. The 
CLKMODE pin selects 1 -x or 2-x Input clock division of the CLKI N pin. 

The processor's Hold Acknowledae bus state functions while the chip is reset. If the 
processor's bus Is In the Hold Acknowledge state when RESET is asserted, the 
processor will internally reset, but maintains the Hold Acknowledge state on 
external pins until the Hold request is removed. If a Hold request is made while the 
processor Is in the reset state, the processor bus will grant HOLDA and enter the 
Hold Acknowledge state. 


FAIL 




s 

H(Q) 
R(0) 


FAIL indicates failure of the processor's self-test performed at initialization. When 
RESET is deasserted and the processor begins initialization, the FAIL pin is 
asserted. An internal self-test is performed as part of the initialization process, if 
this self-test passes, the FAIL pin is deasserted; othen/vise it remains asserted. The 
FAIL pin is reasserted while the processor performs an external bus self-confidence 
test. If this self-test passes, the processor deasserts the FAIL pin and branches to 
the user's initialization routine; othenvise the FAIL pin remains asserted. Internal 
self-test and the use of the FAIL pin can be disabled with the STEST pin. 


STEST 


1 

S(L) 
H(Z) 
R(Z) 


SELF TEST causes the processor's internal self-test feature to be enabled or 
disabled at initialization. STEST is read on the rising edge of RESET. When 
asserted, the processor's internal self-test and extemal bus confidence tests are 
performed during processor Initialization. When deasserted, only the bus 
confidence tests are performed during Initialization. 


ONCE 


A(L) 
H{Z) 
R(Z) 


ON CIRCUIT EMULATION, when asserted, causes ail outputs to be floated. ONCE 


is continuousiv sampled while RESET is low and Is latched on the rising edge of 
RESET To place the processor in the ONCE state: 

(1) assert RESET and ONCE (order does not matter) 

(2) wait for at least 16 CLKIN periods in 2-x mode--or 10,000 CLKIN periods in 
1-x mode— after Vcc and CLKIN are within operating specifications 

(3) deassert RESET 

(4) wait at least 32 CLKIN periods 


(The processor will now be latched in the ONCE state as long as RESET is high.) 

To exit the ONCE state, bring Vm. and CLKIN to operating conditions, then assert 
RESET and bring ONCE high prior to deasserting RESET 

CLKIN must operate within the specified operating conditions of the processor until 
Step 4 above has been completed. CLkiN may then be changed to DC to achieve 
the lowest possible ONCE mode leakage current. 

ONCE can be used by emulator products or for board testers to effectively make an 
installed processor transparent in the board. 
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Table 4. 80960CA Pin Description — Processor Control Signals (Continued) 



Name 


Type 


Description 


CLKIN 


A(E) 
H(Z) 
R(Z) 


CLOCK INPUT is an input for the external clock needed to run the processor. The 
external clock is internally divided as prescribed by the CLKMODE pin to produce 
PCLK2:1. 


CLKMODE 


A(L) 
H(Z) 
R(Z) 


CLOCK MODE selects the division factor applied to the external clock input 
(CLKIN). When CLKI\40DE is high, CLKIN is divided by one to create PCLK2:1 and 
the processor's internal clock. When CLKMODE is low, CLKIN is divided by two to 
create PCLK2:1 and the processor's internal clock. CLKMODE should be tied high 
or low in a system as the clock mode is not latched by the processor. If left 
unconnected, the processor will intemally pull the CLKMODE pin low, enabling the 
2-x clock mode. 


PCLK2:1 




s 

H(Q) 
R(Q) 


PROCESSOR OUTPUT CLOCKS provide a timing reference for all processor 
inputs and outputs. All input and output timings are specified in relation to PCLK2 
and PCLK1. PCLK2 and PCLK1 are identical signals. Two output pins are provided 
to allow flexibility in the system's allocation of capacitive loading on the clock. 
PCLK2:1 may also be connected at the processor to form a single clock signal. 


Vss 


- 


GROUND connections must be connected externally to a Vss board plane. 


Vcc 


~ 


POWER connections must be connected externally to a Vqc board plane. 


VCCPLL 




VccPLL ^s a separate Vqc supply pin for the phase lock loop used in 1 -x clock mode. 
Connecting a simple lowpass filter to Vccpll "lay help reduce clock jitter (Tcp) in 
noisy environments. Othenvlse, Vccpll should be connected to Vcc- This pin is 
implemented starting with the D-stepping. See Table 13 for die stepping 
information. 


NC 


- 


NO CONNECT pins must not be connected in a system. 
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Table 5. 80960CA Pin Description — DMA and Interrupt Unit Control Signals 



Name 


Type 


Description 


DREQ3:0 


A(L) 
H(Z) 
R(Z) 


DMA REQUEST causes a DMA transfer to be requested. Each of the four signals 
requests a transfer on a single channel. DREQO requests channel 0, DREQ1 
requests channel 1, etc. When two or more channels are requested simulta- 
neously, the channel with the highest priority is sen^iced first. The channel priority 
mode is programmable. 


DACK3:0 




s 

H(1) 
R(1) 


DMA ACKNOWLEDGE indicates that a DI^A transfer is being executed. Each of 
the four sianals acknowledges a transfer for a single channel. DACKO acknowl- 


edges channel 0, DACK1 acknowledges channel 1 , etc. DACK3:0 are asserted 
when the requesting device of a DIVIA is accessed. 


EOP/TC3:0 


I/O 

A(L) 

H(Z/Q) 

R(Z) 


END OF PROCESS/TERMINAL COUNT can be programmed as either an input 
(EOP3:0) or as an output (TC3:0), but not both. Each pin Is individually program- 
mable. When programmed as an input. EOPx causes the termination of a current 
DMA transfer for the channel corresponding to the EOPx pin. EOPO corresponds 
to channel 0, E0P1 corresponds to channel 1 , etc. When a channel is configured 
for source ancf destination chaining, the EOP pin for that channel causes 
termination of only the current buffer transferred and causes the next buffer to be 
transferred. EOP3:0 are asynchronous inputs. 

When programmed as an output, the channel's TCx pin indicates that the channel 
byte count has reached and a DMA has terminated. TCx is driven with the same 


timing as DACKx during the last DMA transfer for a buffer. If the last bus request is 
executed as multiple bus accesses, TCx will stay asserted for the entire bus 
request. 


XINT7:0 


A(E/L) 
H(Z) 
R(Z) 


EXTERNAL INTERRUPT PINS cause interrupts to be requested. These pins can 
be configured in three modes: 

Dedicated Mode: each pin is a dedicated external interrupt source. Dedicated 
inputs can be Individually programmed to be level (low) or 
edge (falling) activated. 

Expanded Mode: the eight pins act together as an 8-bit vectored intermpt 
source. The interrupt pins in this mode are level activat- 
ed. Since the interrupt pins are active low, the vector number 
requested is the one's complement of the positive logic 
value place on the port. This eliminates glue logic to 
interface to combinational priority encoders which output 
negative logic. 


Mixed Mode: XINT7:5 are dedicated sources and XiNT4:0 act as the five 
most significant bits of an expanded mode vector. The least 
significant bits are set to 010 intemally. 


NMI 


A(E) 
H(Z) 
R(Z) 


NON-MASKABLE INTERRUPT causes a non-maskable interrupt event to occur. 
NMI is the highest priority interrupt recognized. NMI is an edge (falling) activated 
source. 
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3.3 80960CA Mechanical Data 



3.3.1 80960CA PGA Pinout 

Tables 6 and 7 list the 80960CA pin names with 
packaqe location. Figure 2 depicts the complete 



80960CA PGA pinout as viewed from the top side of 
the component (i.e., pins facing down). Figure 3 
shows the complete 80960CA PGA pinout as viewed 
from the pin-side of the package (i.e., pins facing 
up). See Section 4.0, ELECTRICAL SPECIFICA- 
TIONS for specifications and recommended connec- 
tions. 







Table 6. 80960CA PGA Pinout 


— In Signal Order 






Address Bus 


Data Bus 


Bus Control 


Processor Control 


I/O 1 


Signal 


Pin 


Signal 


Pin 


Signal 


Pin 


Signal 


Pin 


Signal 


Pin 


A31 


315 


D31 


R3 


BE3 


35 


RESET 


A16 


DRE03 


A7 


A30 


Q13 


D30 


Q5 


BE2 


36 






DREQ2 


B6 


A29 


R14 


D29 


32 


BE1 


37 


FAIL 


A2 


DREQ1 


A6 


A28 


Q14 


D28 


Q4 


BEO 


R9 






DREOO 


B5 


A27 


316 


D27 


R2 






STEST 


B2 






A26 


R15 


D26 


Q3 


W/R 


S10 






DA0K3 


A10 


A25 


317 


D25 


31 






ONCE 


03 


DA0K2 


A9 


A24 


Q15 


D24 


R1 


ADS 


R6 






DA0K1 


A8 


A23 


R16 


D23 


Q2 






CLKIN 


013 


DAOKO 


B8 


A22 


R17 


D22 


P3 


READY 


S3 


CLKMODE 


014 






A21 


Q16 


D21 


Q1 


BTERM 


R4 


PLCK1 


B14 


EOPAr03 


A14 


A20 


P15 


D20 


P2 






PLCK2 


B13 


EOPA-02 


A13 


A19 


P16 


D19 


PI 


WAIT 


312 






EOP/T01 


A12 


A18 


Q17 


D18 


N2 


BLAST 


38 


Vss 


EOP/TOO 


All 


A17 


P17 


D17 


N1 






Location 






A16 


N16 


D16 


Ml 


DT/R 


311 


07.08,09,010, 
011,012, F1 5, G3, 
G15, H3, H15, J3, 
J15, K3,K15, L3, 
L15, M3, M15, 07, 
08,09,010.011 


XINT7 


017 


A15 


N17 


D15 


LI 


DEN 


39 


XINT6 


016 


A14 


M17 


D14 


L2 






XINT5 


B17 


A13 


Lie 


D13 


K1 


LOCK 


314 


XINT4 


015 


A12 


LI 7 


D12 


J1 






XINT3 


B16 


A11 


K17 


D11 


HI 






Vcc 


XINT2 


A17 


A10 


J17 


D10 


H2 


HOLD 


R5 


Location 


XINT1 


A15 


A9 


H17 


D9 


G1 


HOLDA 


34 


B7, B9, B11,B12, 
06, E15, F3, F16, 
G2,H16.J2,J16,K2. 
K16,M2,M16, N3, 
N15, 06, R7, R8, 
RIO, R11 


XINTO 


B15 


A8 


G17 


D8 


F1 


BREQ 


R13 






A7 


G16 


07 


El 






NMI 


D15 


A6 


F17 


D6 


F2 


D/C 


313 






A5 


E17 


D5 


D1 


DMA 


R12 






A4 


E16 


D4 


E2 


SUP 


012 


VcCPLL 


BIO 






A3 


D17 


D3 


01 






No Connect 






A2 


D16 


D2 


D2 


BOFF 


B1 


Location 










D1 


C2 






A1, A3,A4,A5, B3, 










DO 


E3 






B4, 04, 05, D 


3 
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Table 7. 80960CA PGA PInout — In Pin Order 



Pin 


Signal 


Pin 


Signal 


Pin 


Signal 


Pin 


Signal 


Pin 


Signal 


A1 


NC 


CI 


D3 


G1 


D9 


Ml 


D16 


R1 


D24 


A2 


FAIL 


C2 


D1 


G2 


Vcc 


M2 


Vcc 


R2 


D27 


A3 


NC 


C3 


ONCE 


G3 


Vss 


M3 


Vss 


R3 


D31 


A4 


NC 


C4 


NC 


G15 


Vss 


M15 


Vss 


R4 


8TERM 


A5 


NC 


C5 


NC 


G16 


A7 


M16 


Vcc 


R5 


HOLD 


A6 


DREQ1 


C6 


ycc 


G17 


A8 


M17 


A14 


R6 


ADS 


A7 


DREQ3 


C7 


Vss 










R7 


Vcc 


A8 


DACK1 


C8 


v.. 


HI 


D11 


N1 


D17 


R8 


Vcc 


A9 


DACK2 


C9 


Vss 


H2 


D10 


N2 


D18 


R9 


8E0 


A10 


DACK3 


CIO 


Vss 


H3 


Vss 


N3 


ycc 


RIO 


Vcc 


A11 


EORyTCO 


C11 


Vss 


H15 


Vss 


N15 


Vcc 


R11 


Vcc 


A12 


EOP/rCI 


C12 


Vss 


H16 


Vcc 


N16 


A16 


R12 


DMA 


A13 


E0Pn-C2 


CI 3 


CLKIN 


H17 


A9 


N17 


A15 


R13 


8REQ 


A14 


E0Pn"C3 


C14 


CLKMODE 










R14 


A29 


A15 


XJNT1 


C15 


XINT4 


J1 


D12 


PI 


D19 


R15 


A26 


A16 


RESET 


C16 


XINT6 


J2 


Vcc 


P2 


D20 


R16 


A23 


A17 


XINT2 


C17 


XINT7 


J3 


Vss 


P3 


D22 


R17 


A22 










J15 


Vss 


P15 


A20 






B1 


BOf=F 


D1 


D5 


J16 


Vcc 


P16 


A19 


SI 


D25 


B2 


STEST 


D2 


D2 


J17 


A10 


P17 


A17 


S2 


D29 


B3 


NC 


D3 


NC 










S3 


READY 


84 


NC 


D15 


NMI 


K1 


D13 


Q1 


D21 


S4 


HOLDA 


85 


DREQO 


D16 


A2 


K2 


Vcc 


Q2 


D23 


S5 


8E3 


86 


DREQ2 


D17 


A3 


K3 


Vss 


Q3 


D26 


S6 


8E2 


87 


Vcc 






K15 


Vss 


Q4 


D28 


S7 


8E1 


88 


DACKO 


El 


D7 


K16 


Vcc 


Q5 


D30 


S8 


BLAST 


89 


Vcc 


E2 


D4 


K17 


All 


Q6 


Vcc 


S9 


DEN 


810 


VcCPLL 


E3 


DO 






Q7 


Vss 


S10 


W/R 


811 


^CC 


El 5 


ycc 


LI 


D15 


Q8 


Vss 


S11 


DT/R 


812 


Vcc 


El 6 


A4 


L2 


D14 


Q9 


Vss 


S12 


WAIT 


813 


PCLK2 


El 7 


A5 


L3 


Vss 


Q10 


Vss 


SI 3 


D/C 


814 


PCLK1 






L15 


Vss 


Q11 


Vss 


S14 


LOCK 


815 


XINTO 


F1 


D8 


L16 


A13 


Q12 , 


SUP 


S15 


A31 


816 


XINT3 


F2 


D6 


L17 


A12 


Q13 


A30 


SI 6 


A27 


817 


XINT5 


F3 


Vcc 






Q14 


A28 


S17 


A25 






F15 


Vss 






Q15 


A24 










F16 


Vcc 






Q16 


A21 










F17 


A6 






Q17 


A18 
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1 
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O 
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O 
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O 


o o oN 




0,25 D24 


D21 


Dig 


D17 


D16 


D15 


D13 


D12 


D11 


D9 


D8 


D7 


D5 


D3 BOFF NC 




2 


O O 


o 


o 


O 


O 


o 


O 


o 


o 


o 


O 


O 


O 


o o o 


2 




D29 D27 


D23 


D20 


D18 


Vcc 


D14 


Vcc 


Vcc 


D10 


Vcc 


D6 


D4 


D2 


D1 STEST FAIL 




3 


O O 


O 


O 


O 


o 


O 


o 


o 


o 


o 


O 


O 


O 


o o o 


3 




READY D31 


D26 


D22 


Voo 


Vss 


Vss 


Vss 


Vss 


Vss 


Vss 


Vcc 


DO 


NC 


ONCE NC NC 




4 


O O 

HOLDA BTERM 


O 

D28 
























o o o 

NC NC NC 


4 


5 


O O 

BE3 HOLD 


O 

D30 
























o o o 

NC DREQO NC 


5 


6 


O O 

BE2 ADS 


O 

Vcc 
























o o o 

Vcc DBEOZ DREQ1 


6 


7 


o o 

BE1 Vcc 


o 

Vss 
























o o o 

Vss Vcc ' DBEQ3 


7 


8 


o o 

BLAST Vcc 


o 

Vss 
























o o o 

Vss DACKO DACK1 


8 


9 


o o 

DEN BEO 


o 

Vss 
























o o o 

Vss Vcc DACK2 


9 


10 
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Vss 
























o o o 

Vss VccPLL DACK3 


10 


11 


o o 


o 
























o o o 


11 


12 


DT/R Vcc 
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WArr DMA 


(5 

SUP 
























Vss Vcc Eopn-co 
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12 


13 
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D/C BREQ 


o 

A30 
























O o 

CLKIN PCLK2 E0P/TC2 


13 


14 


o o 


o 
























o o o 


14 




LOCK A29 


A28 






















CLK MODE PCLK1 E0P/fC3 




15 
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o 





o 


o 


o 


o 


o 


o 





o 


O 


O 


O 


15 




A31 A26 


A24 


A20 


Vcc 


Vss 


Vss 


Vss 


Vss 


Vss 


Vss 


Vss 


Vcc 


NMt 


XINT4 XINTO XJNT1 




16 


O O 


O 


O 


o 


o 


o 


o 


o 


o 


o 


o 


o 


O 


o o o 


16 




A27 A23 


A21 


A19 


A16 


Vcc 


A13 


Vcc 


Vcc 


Vcc 


A7 


Vco 


A4 


A2 


XINT6 XINT3 RESET 




17 
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O 


O 
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o 


O 


o 


o 


o 
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O 


o 
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17 
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Figure 2. 80960CA PGA Pinout — View from Top (Pins Facing Down) 
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READY 
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5 
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(5 

SUP 


'6 
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Figure 3. 80960CA PGA Pinout — View from Bottom (Pins Facing Up) 
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3.3.2 80960CA PQFP Pinout 

Tables 8 and 9 list the 80960CA pin names with 
package location. Figure 4 shows the 80960CA 
PQFP pinout as viewed from the top side. 



See Section 4.0, ELECTRICAL SPECIFICATIONS 

for specifications and recommended connections. 







Table 8. 80960CA PQFP Pinout ~ 


In Signal Order 






Address Bus 


Data Bus 


Bus Control 


Processor Control 


I/O 1 


Signal 


Pin 


Signal 


Pin 


Signal 


Pin 


Signal 


Pin 


Signal 


Pin 


A31 


153 


D31 


186 


BE3 


176 


RESET 


91 


DREQ3 


60 


A30 


152 


D30 


187 


BE2 


175 


FAIL 


45 


DREQ2 


59 


A29 


151 


D29 


188 


BE1 


172 


STEST 


46 


DREQ1 


58 


A28 


145 


D28 


189 


BEO 


170 


ONCE 


43 


DREQO 


57 


A27 


144 


D27 


191 






CLKIN 


87 






A26 


.143 


D26 


192 


W/R 


164 


CLKMODE 


85 


DACK3 


65 


A25 


142 


D25 


194 






PCLK2 


74 


DACK2 


64 


A24 


141 


D24 


195 


ADS 


178 


PCLK1 


78 


DACKI 


63 


A23 


139 


D23 


3 






Vss 


DACKO 


62 


A22 


138 


D22 


4 


READY 


182 


Location 






A21 


137 


D21 


5 


BTERM 


184 


2,7, 16,24,30,38, 
39,49,56,70,75, 
77,81,83,88,89, 
92,98, 105, 109, 
110, 121, 125.131. 
135. 147. 150,161, 
165, 173, 174,185, 
196 


EOPyTC3 


69 


A20 


136 


D20 


6 






EOP/TC2 


68 


A19 


134 


D19 


8 


WAIT 


162 


EOP/TC1 


67 


A18 


133 


D18 


9 


BLAST 


169 


EOP/TCO 


66 


A17 


132 


D17 


10 










A16 


130 


D16 


11 


DT/R 


163 


XINT7 


107 


A15 


129 


D15 


13 


DEN 


167 


Vcc 


XINT6 


106 


A14 


128 


D14 


14 






Location 


XINT5 


102 


A13 


124 


D13 


15 


LOCK 


156 


1,12,20,28,32,37, 
44,50,61,71,79, 
82,96,99, 103, 115, 
127. 140, 148,154, 
168. 171, 180,190 


XINT4 


101 


A12 


123 


D12 


17 






XINT3 


100 


All 


122 


D11 


18 


HOLD 


181 


XINT2 


95 


A10 


120 


D10 


19 


HOLDA 


179 


XINT1 


94 


A9 


119 


D9 


21 


BREQ 


155 


XINTO 


93 


A8 


118 


D8 


22 






VcCPLL 


72 






A7 


117 


D7 


23 


D/C 


159 


No Connect 


NMI 


108 


A6 


116 


D6 


25 


DMA 


160 


Location 






A5 


114 


D5 


26 


SUP 


158 


29,31,41,42,47, 
48,51,52,53,54, 
55,73,76,80,84, 
86,90,97,104,126, 
146,149, 157,166, 
177, 183, 193 






A4 


113 


D4 


27 










A3 


112 


D3 


33 


BOFF 


40 






A2 


111 


D2 


34, 














D1 


35 














DO 


36 
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Table 9. 80960CA PQFP Pinout — In Pin Order 



Pin 


Signal 


Pin 


Signal 


Pin 


Signal 


Pin 


Signal 


Pin 


Signal 


Pin 


Signal 


1 


Vcc 


34 


02 


67 


EOF^/TCI 


100 


XINT3 


133 


A18 


166 


NC 


2 


Vss 


35 


D1 


68 


EOP/TC2 


101 


XINT4 


134 


A19 


167 


DEN 


3 


D23 


36 


DO 


69 


E0PrrC3 


102 


XINT5 


135 


Vss 


168 


Vcc 


4 


D22 


37 


Vcc 


70 


Vss 


103 


Vcc 


136 


A20 


169 


BLAST 


5 


D21 


38 


Vss 


71 


Vcc 


104 


NC 


137 


A21 


170 


BEO 


6 


D20 


39 


Vss 


72 


VcCPLL 


105 


Vss 


138 


A22 


171 


Vcc 


7 


Vss 


40 


BOFF 


73 


NC 


106 


XINT6 


139 


A23 


172 


BE1 


8 


D19 


41 


NC 


74 


PCLK2 


107 


XINT7 


140 


Vcc 


173 


Vss 


9 


D18 


42 


NC 


75 


Vss 


108 


NMI 


141 


A24 


174 


Vss 


10 


D17 


43 


ONCE 


76 


NC 


109 


Vss 


142 


A25 


175 


BE2 


11 


D16 


44 


Vcc 


77 


Vss 


110 


Vss 


143 


A26 


176 


BE3 


12 


Vcc 


45 


FAIL 


78 


PCLK1 


111 


A2 


144 


A27 


177 


NC 


13 


D15 


46 


STEST 


79 


Vcc 


112 


A3 


145 


A28 


178 


ADS 


14 


D14 


47 


NC 


80 


NC 


113 


A4 


146 


NC 


179 


HOLDA 


15 


D13 


48 


NC 


81 


Vss 


114 


A5 


147 


Vss 


180 


Vcc 


16 


Vss 


49 


Vss 


82 


Vcc 


115 


Vcc 


148 


Vcc 


181 


HOLD 


17 


D12 


50 


Vcc 


83 


Vss 


116 


A6 


149 


NC 


182 


READY 


18 


D11 


51 


NC 


84 


NC 


117 


A7 


150 


Vss 


183 


NC 


19 


D10 


52 


NC 


85 


CLKMODE 


118 


A8 


151 


A29 


184 


BTERM 


20 


Vcc 


53 


NC 


86 


NC 


119 


A9 


152 


A30 


185 


Vss 


21 


D9 


54 


NC 


87 


CLKIN 


120 


A10 


153 


A31 


186 


D31 


22 


D8 


55 


NC 


88 


Vss 


121 


Vss 


154 


Vcc 


187 


D30 


23 


D7 


56 


Vss 


89 


Vss 


122 


All 


155 


BREQ 


188 


D29 


24 


Vss 


57 


DREQO 


90 


NC 


123 


A12 


156 


LOCK 


189 


D28 


25 


D6 


58 


DREQ1 


91 


RESET 


124 


A13 


157 


NC 


190 


Vcc 


26 


D5 


59 


DREQ2 


92 


Vss 


125 


Vss 


158 


SUP 


191 


D27 


27 


D4 


60 


DREQ3 


93 


XINTO 


126 


NC 


159 


D/C 


192 


D26 


28 


Vcc 


61 


Vcc 


94 


XINT1 


127 


Vcc 


160 


DMA 


193 


NC 


29 


NC 


62 


DACKO 


95 


XINT2 


128 


A14 


161 


Vss 


194 


D25 


30 


Vss 


63 


DACK1 


96 


Vcc 


129 


A15 


162 


WAIT 


195 


D24 


31 


NC 


64 


DACK2 


97 


NC 


130 


A16 


163 


DT/R 


196 


Vss 


32 


Vcc 


65 


DACK3 


98 


Vss 


131 


Vss 


164 


W/R 






33 


D3 


66 


EOP/TCO 


99 


Vcc 


132 


A17 


165 


Vss 
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Figure 4. 80960CA PQFP Pinout (View from Top Side) 
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3.4 Package Thermal Specifications 

The 80960CA is specified for operation wlien Tq 
(case temperature) is within the range of 0°C~ 
100°C. Tc may be measured in any environment to 
determine whether the 80960CA is within specified 
operating range. Case temperature should be 
measured at the center of the top surface, opposite 
the pins. Refer to Figure 5. 

T^ (ambient temperature) can be calculated from Gca 
(thermal resistance from case to ambient) using the 
following equation: 



Ta = Tc - P*6cA 

Table 10 shows the maximum T^ allowable (without 
exceeding Tq) at various airflows and operating 
frequencies (fpciK)- 

Note that T^ is greatly improved by attaching fins or a 
heatsink to the package. P (maximum power 
consumption) is calculated by using the typical Iqc 
as tabulated In Section 4.4, DC Specifications and 
VccOfSV. 




^Measure PGA temperature at 
center of top surface 



^Measure PQFP case temperature 
lat center of top surface. 





168 -Pin PGA 



Pin 196- 



— ' ^^Pln 1 



F_CX007A 



Figure 5. Measuring 80960CA PGA and PQFP Case Temperature 



Tabie 10. li/laximum Ta at Various Airflows in °0 (PGA Package Only) 







Alrfiow-'ft/mln (m/sec) 




*PCLK 

(MHz) 



(0) 


200 
(1.01) 


400 
(2.03) 


600 
(3.04) 


800 
(4.06) 


1000 
(5.07) 


TAWith 
Heatsink* 


33 
25 
16 


51 
61 
74 


66 
73 
82 


79 
83 
89 


81 
85 
90 


85 
88 
92 


87 
89 
93 


Ta without 
Heatsink* 


33 
25 
16 


36 
49 
66 


47 
58 
72 


59 
67 
78 


66 
73 
82 


73 
78 
86 


75 
80 
87 



NOTES: 

•0.285" high unidirectional heatsink (Al alloy 6061 , 50 mil fin width, 150 mil center-to-center fin spacing). 
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Table 11. 80960CA PGA Package Thermal Characteristics 



Thermal Resistance — °C/Watt 














Parameter 


Airflow — ft./mln (m/sec) 





(0) 


200 
(1.01) 


400 
(2.03) 


600 
(3.07) 


800 
(4.06) 


1000 
(5.07) 


Junctlon-to-Case 
(Case measured as 
shown in Figure 5) 


1.5 


1-5 


1.5 


1.5 


1.5 


1.5 




0JAt 










fejc 






9 Case-to-Ambient 
(No Heatsink) 


17 


14 


11 


9 


7.1 


6.6 








e Case-to-Ambient 
(With Heatsink)* 


13 


9 


5.5 


5 


3.9 


3.4 




uuu uuu 





NOTES: 

1 . This table applies to 80960CA PGA plugged into socket or soldered directly to board. 

*0.285'' high unidirectional heatsink (Al alloy 6061 , 50 nnil fin width, 150 mil center-to-center fin spacing). 



Table 12. 80960CA PQFP Package Thermal Characteristics 






Thermal Resistance — X/Watt 


Parameter 


Airflow — ft7mln (m/sec) 



(0) 


50 
(0.25) 


100 
(0.50) 


200 
(1.01) 


400 
(2.03) 


600 
(3.04) 


800 
(4.06) 


e Junctlon-io-Case (Case Measured 
as shown in Figure 5) 


5 


5 


5 


5 


5 


5 


5 


e Case-to-Ambient (No Heatsink) 


19 


18 


17 


15 


12 


10 


9 


NOTES: 

1 . This table applies to 80960CA PQFP soldered directly to board. 

^ 0JC 








% 


\ 1 


i 


—■— 1 


.^ s 
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3.5 Stepping Register Information 

upon reset, register gO contains die stepping Infor- 
mation. Figure 6 shows how gO is configured. The 
most significant byte contains an ASCII 0. The upper 
middle byte contains an ASCII C. The lower middle 
byte contains an ASCII A. The least significant byte 
contains the stepping number in ASCII. gO retains 
this information until it is ovenft^ritten by the user 
program. 



ASCII 
DECIMAL 








00 


43 


41 


Stepping Number 





C 


A 


Stepping Number 


MSB 




LSB 



Figure 6. Register gO 

Table 13 contains a cross reference of the number in 
the least significant byte of register gO to the die 
stepping number. 

Table 13. Die Stepping Cross Reference 



gO Least Significant 
Byte 


Die Stepping 


01 


B 


02 


C-1 


03 


C-2,C-3 


04 


D 



3.6 Suggested Sources for 80960CA 
Accessories 

The following Is a list of suggested sources for 
80960CA accessories. This is not an endorsement of 
any kind, nor is it a warranty of the performance of 
any of the listed products and/or companies. 

Socl(ets 

1 . 3M Textool Test and Interconnection 
Products Department 

P.O. Box 2963 
Austin, TX 78769-2963 

2. Augat, Inc. 
Interconnection Products Group 
33 Perry Avenue 

RO. box 779 
Attleboro, MA 02703 
(508) 699-7646 

3. Concept Manufacturing, Inc. 
(Decoupling Sockets) 
41484 Christy Street 
Fremont, CA 94538 
(415)651-3804 

Heatsinl(s/Fins 

1 . Thermalloy, Inc. 

2021 West Valley View Lane 
Dallas, TX 75234-8993 
(214)243-4321 
FAX: (214) 241-4656 

2. E G Si G Division 
60 Audubon Road 
Wakefield, MA 01880 
(617)245-5900 




1-219 



80960CA-33,-25,-16 



iniel 



4.0 ELECTRICAL SPECIFICATIONS 

4.1 Absolute Maximum Ratings 



NOTICE: This is a production data sheet. The 
specifications are subject to change without notice. 



Parameter 


Maximum Rating 


Storage Temperature 


-65°CtO+150°C 


Case Temperature Under Bias 


-es^c to +110*^0 


Supply Voltage wrt. Vss 


-0.5V to + 6.5V 


Voltage on Other Pins wrt. Vss 


....-0.5V to Vcc + 0.5V 



*WARNINQ: Stressing the device beyond the 
"Absolute Maximum Ratings" may cause pemfia- 
nent damage. These are stress ratings only. Opera- 
tion beyond the "Operating Conditions" is not 
recommended and extended exposure beyond the 
"Operating Conditions" may affect device reliability 



4.2 Operating Conditions 



Table 14. Operating Conditions (80960CA-33, -25, -16) 



Symbol 


Parameter 


Min 


Max 


Units 


Notes 


Vcc 


Supply Voltage 80960CA-33 

80960CA-25 
80960CA-16 


4.75 
4.50 
4.50 


5.25 
5.50 
5.50 


V 
V 
V 




^CLK2x 


Input Clock Frequency {2-x Mode) 80960CA-33 

80960CA-25 
80960CA-16 







66.66 
50 
32 


MHz 
MHz 
MHz 




^CLKIx 


Input Clock Frequency (1 -x Mode) 80960CA-33 

80960CA-25 
80960CA-16 


8 
8 
8 


33.33 
25 
16 


MHZ 
MHz 
MHz 


(1) 


To 


Case Temperature Under Bias PGA Package 
80960CA-33, -25, -16 196-Pin PQFP 






100 
100 


°C 





NOTES: 

1 . When in the 1 -x input clock mode, CLKIN is an input to an internal phase-locked loop and must maintain a minimum fre- 
quency of 8 MHz for proper processor operation. However, in the 1-x mode, CL KIN may still be stopped when the pro- 
cessor either is in a reset condition or is reset. If CLKIN is stopped, the specified RESET low time must be provided once 
CLKIN restarts and has stabilized. 



4.3 Recommended Connections 

Power and ground connections must be made to 
multiple Vcc ^^ Vss (GND) pins. Every 80960CA- 
based circuit board should include power (Vcc) ^"^1 
ground (Vss) pianes for power distribution. Every 
Vcc pin must be connected to the power plane, and 
every Vss P'" "T^^st be connected to the ground 
plane. Pins identified as "NC" must not be 
connected in the system. 

Liberal decoupling capacitance should be placed 
near the 80960CA. The processor can cause tran- 
sient power surges when its numerous output buffers 
transition, particularly when connected to large 
capacitive loads. 



Low inductance capacitors and interconnects are 
recommended for best high frequency electrical 
perfomiance. Inductance can be reduced by short- 
ening the board traces between the processor and 
decoupling capacitors as much as possible. Capaci- 
tors specifically designed for PGA packages will offer 
the lowest possible inductance. 

For reliable operation, always connect unused inputs 
to an appropriat e sig n al le vel. In p articula r, any 
unused interrupt (XINT, NMI) or DMA (DREQ) Input 
should be conne cted to Vcc through a pull-up 
resistor, as should BTERM if not used. Pull-up resis- 
tors should be i n the in the range of 20 Kfli for each 
pin tied high. If READY or HOLD are not used, the 
unused input should be connected to ground. N.C. 
pins must always remain unconnected. Refer to 
the i96(f CA Microprocessor User's Manual (Order 
Number 270710) for more infomiation. 
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4.4 DC Specifications 

Table 1 5. DC Characteristics 

(80960CA-33, -25, -16 under the conditions described in Section 4.2, Operating Conditions.) 



Symbol 


Parameter 


MIn 


Max 


Units 


Notes 


V,L 


input Low Voltage for all pins except RESET 


-0.3 


+0.8 


V 




V|H 


Input High Voltage for all pins except RESET 


2.0 


Vce + 0.3 


V 




Vol 


Output Low Voltage 




0.45 


V 


loL = 5 mA 


VOH 


Output High Voltage Iqh = -1 mA 
loH = -200^A 


2.4 
Vce-0.5 




V 
V 




V,LR 


Input Low Voltage for RESET 


-0.3 


1.5 


V 




V,HR 


Input High Voltage for RESET 


3.5 


Vcc + 0.3 


V 




Ilm 


Input Leakaae Current for each pin except 




±15 


MA 


0<V,N<Vcc(1) 


BTERM. ONCE. DREQ3:0. STEST 


EOP3:0n-C3:0, NMI, XINT7:0, BOFF, READY, 
HOLD, CLKMODE 


IU2 


Input Leakaae Current for: 





-300 


ma 


V,N = 0.45V(2) 


BTERM. ONCE. DREQ3:0. STEST 


EOP3:0/TC3:0, NMI, XINT7:0, BOFF 


IlI3 


Input Leakaae Current for: 
READY. HOLD, CLKMODE 





500 


pA 


V,N = 2.4V (3.7) 


Ilo 


Output Leakage Current 




±15 


MA 


0.45<VouT^Vcc 


'cc 


Supply Current (80960CA-33): 

Ice Max 
leeTyp 




900 
750 


mA 
mA 


(4) 
(5) 


Ice 


Supply Current (80960CA-25): 

Ice Max 
leeTyp 




750 
600 


mA 
mA 


(4) 
(5) 


Ice 


Supply Current (80960CA-1 6): 

lee Max 
leeTyp 




550 
400 


mA 
mA 


(4) 
(5) 


•once 


ONCE-mode Supply Current 




100 


mA 




^IN 


Input Capacitance for: 
CLKIN. RESET ONCE. 
READY, HOLD. DREQ3:0. BOFF. 
XINT7:0, NMI, BTERM, CLKMODE 





12 


PF 


Fc = 1 MHz 


Cqut 


Output Capacitance of each output pin 




12 


PF 


Fc = 1 MHz (6) 


C|/o 


I/O Pin Capacitance 




12 


pF 


Fc = 1 MHz 




NOTES: 

1 . No pullup or pulldown. 

2. These pins have internal pullup resistors. 

3. These pins have internal pulldown resistors. 

4. Measured at worst case frequency, Vcc and temperature, with device operating and outputs loaded to the test conditions desaibed in Sec- 
tion 4.5.1, AC Test Conditions. 

5- Ice Typical is not tested. 

6. Output Capacitance is the capacitive load of a flo ating ou tput. 

7. CLKMODE pin has a pulldown resistor only when ONCE pin is deasserted. 
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4.5 AC Specifications 

Table 16. 80960CA AC Characteristics (33 l\1Hz) 

(80960CA-33 only, under the conditions described in Section 4.2, Operating Conditions and Section 4.5.1, AC Test 
Conditions.) 



Symbol Parameter 1 Min 1 Max i Units 1 Notes 


Input Clock (1,9) 


Tf 


CLKIN Frequency 





66.66 


MHz 




Tc 


CLKIN Period In 1-x Mode (f clkix) 

ln2-xMode(fcLK2x) 


30 
15 


125 

00 


ns 
ns 


(11) 


Tcs 


CLKIN Period Stability In 1-x Mode (f clkix) 




±0.1% 


A 


(12) 


TCH 


CLKIN High Time In 1-x Mode (f clkix) 

ln2-xMode(fcLK2x) 


6 
6 


62.5 

00 


ns 
ns 


(11) 


TCL 


CLKIN Low Time In 1-x Mode (f clkix) 

ln2-xMode(fcLK2x) 


6 
6 


, 62.5 

00 


ns 
ns 


(11) 


TcR 


CLKIN Rise Time 





6 


ns 




TCF 


CLKIN Fall Time 





6 


ns 




Output Clocks (1,8) 1 


TcP 


CLKIN to PCLK2:1 Delay In 1-x Mode (f clkix) 

ln2-xMode(fcLK2x) 


-2 2 
2 25 


ns 
ns 


(3,12) 
(3) 


T 


PCLK2:1 Period In 1-x Mode (f clkix) 

In 2-x Mode (f cLK2x) 


Tc 
2Tc 


ns 
ns 


(12) 
(3) 


TPH 


PCLK2:1 High Time 


(T/2)-2 


T/2 


ns 


(12) 


TPL 


PCLK2:1 Low Time 


(T/2)-2 


T/2 


ns 


(12) 


TpR 


PCLK2:1 Rise Time 


1 


4 


ns 


(3) 


TPF 


PCLK2:1 Fall Time 


1 


4 


ns 


(3) 


Synchronous Outputs (8) I 


TOH 

Tqv 


Output Valid Delay, Output Hold 

ToHl.Tovi A31:2 
ToH2. Tov2 BE3:0 
T0H3. ToV3 ADS 

TohsItovs d/c,sDp.M? 

T0H6.T0V6 BLAST. WATT 
ToH7. Tov7 DEN 
T0H8. T0V8 HOLDA, BREQ 

ToH9» Tov9 LOCK 

T0HIO. T0VIO DACK3:0 
T0HII.T0VII D31;0 
T0H12.T0V12 DT/R 
T0H13.T0VI3 FAIL 
ToHl4»Tovi4 EOP3:0/TC3:0 


3 
3 
6 
3 
4 
6 
3 
4 
4 
4 
3 
T/2 + 3 
2 
3 


14 
16 
18 
18 
16 
16 
16 
16 
16 
18 
16 
T/2 + 14 
14 
18 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


(6.10) 
(6.10) 


TOF 


Output Float for ail outputs 


3 


22 


ns 


(6) 


Synchronous Inputs (1,9,10) | 


T|S 


Input Setup 

T|S1 D31:0 
T|S2 BOFF 
T,s3 BTERM/READY 
T|S4 HOLD 


3 
17 

7 
7 




ns 
ns 
ns 
ns 




T|H 


Input Hold 

ti::^ w^ 

t1h3 BTERM/READY 
T|H4 HOLD 


5 
5 
2 
3 




ns 
ns 
ns 
ns 
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Table 16. 80960C A AC Characteristics (33 MHz) (Continued) 
(80960CA-33 only, under the conditions described in Section 4.2, Operating Conditions and Section 4.5.1 , AC Test 
Conditions.) 



Symbol 1 Parameter 


Min 1 Max 1 Units 


Notes 


Relative Output Timings (1 ,2,3,8) 


Tavshi 


A31:2 Valid to ADS Rising 


T-4 


T + 4 


ns 




"'"AVSH2 


BE3:0, W/R. SUP. D/C. 

DMA, DACK3:0 Valid to ADS Rising 


T-6 


T+6 


ns 




Taveli 


A31:2 Valid to DEN Failing 


T-4 


T+4 


ns 




TaVEL2 


BE3:0. W/R. SUP. INST 

DMA, DACK3:0 Valid to DEN Falling 


T-6 


T+6 


ns 




Tnlqv 


WAIT Falling to Output Data Valid 


±4 


ns 




Tdvnh 


Output Data Valid to WAIT Rising 


N*T-4 1 N*T + 4 


ns 


(4) 


Tnlnh 


WAIT Falling to WAIT Rising 


N*T±4 


ns 


(4) 


TnHQX 


Output Data Hold after WAIT Rising 


(N+1)*T-8 


(N+1)*T+6 


ns 


(5) 


"^EHTV 


DT/R Hold after DEN High 


T/2 - 7 ' 


oo 


ns 


(6) 


Ttvel 


DT/R Valid to DEN Falling 


T/2-4 




ns 




Relative Input Timings (1,2,3) 


T,S5 


RESET Input Setup (2-x Clock Mode) 


6 




ns 


(13) 


T|H5 


RESET Input Hold (2-x Clock Mode) 


5 




ns 


(13) 


T,S6 


DREQ3:0 Input Setup 


12 




ns 


(7) 


"•"iHS 


DREQ3:0 Input Hold 


7 




ns 


(7) 


T,S7 


XINT7:0, NMI Input Setup 


7 




ns 


(15) 


T|H7 


XINT7:0,NMI Input Hold 


3 




ns 


(15) 


T|S8 


RESET Input Setup (1-x Clock Mode) 


3 




ns 


(14) 


TlHS 


RESET Input Hold (1-x Clock Mode) 


T/4+ 1 




ns 


(14) 




NOTES: 

1 . See Section 4.5.2, AC Timing V\Aaveform8 for waveforms and definitions. 

2. See Figure 1 6 for capacitive derating information for output delays and hold times. 

3. See Figure 1 7 for capacitive derating information for rise and fall times. 

4 Where N is the number of Nr^^d, Nrdd> ^wad o*" ^wdd ^^'^ states that are programmed in the Bus Controller Region Table. WAIT never goes 
active when there are no wait states in an acces s. 

5 N = Number of wait states inserted with READY. 

6. Output Data and/or DT/R may be driven indefinitely following a cycle if there is no subsequent bus activity 

7 Since asynchronous inputs are synchronized internally by the 80960CA, they have no required setup or hold times to be recognized and for 
proper operation However, to guarantee recognition of the input at a particular edge of PCLK2 1 , the setup times shown must be met Asyn- 
chronous inputs must be active for at least two consecutive PCLK2 1 rising edges to be seen by tne processor 
8. These specifications are guaranteed by the processor 

9 These specifications must be met by the system for proper operation of the processor. 

10 This timing is dependent upon the loading of PCLK2-1 Use the derating curves of Section 4.5.?, Derating Cun/es to adjust the timing for 
PCLK2.1 loading 

1 1 In the 1-x input clock mode, the maximum input dock penod is limited to 125 ns while the processor is operating When the processor is in 
reset, the input clock may stop even in 1-x mode 

12. When in the 1-x input clock mode, these specifications assume a stable input clock with a period variation of less than ± 1% between adja- 
cent cycles 

13. In 2-x clock mode, RESET is an asynchronous input which has no require d setup and hold time for proper operation However, to guarantee 
the device exits reset synchronized to a particular clock edge, the RESET pin must meet setup and hold times to the falling edge of the 
CLKIN. (See Figur e 22.) 

14 In 1-x clock mode, RESET is an asynchronous input which has n o require d setup and hold time for proper operation However, to guarantee 
the device exits reset synchronized to a particular clock edge, the RESET pin must meet setup and hold times to the rising edge of the CLKIN 
(See Figure 23 ) 

15". The interrupt pins are synchronized internally by the 8096(X^A. They have no required setup or hold times for "proper operation These pins 
are sampled by the interrupt controller every other clock and must be active for at least three consecutive PCLK2:1 rising edges when assert- 
ing them asynchronously To guarantee recognition at a particular ctock edge, the setup and hold times shown must be met for two consecu- 
tive PCLK2 1 rising edges 
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Table 17. 80960CA AC Characteristics (25 MHz) 

(80960CA-25 only, under conditions described in Section 4.2, Operating Conditions and Section 4.5.1, AC Test 
Conditions.) 



Symbol 1 Parameter 1 IMin 1 l\/lax 1 Units 1 Notes 


Input Clock (1,9) 


Tf 


CLKIN Frequency 





50 


MHz 




Tc 


CLKIN Period In 1-x Mode (f clkix) 

ln2-xMode(fcLK2x) 


40 
20 


125 

00 


ns 
ns 


(11) 


Tcs 


CLKIN Period Stability In 1-x Mode (f clkix) 




±0.1% 


A 


(12) 


TCH 


CLKIN High Time In 1 -x Mode (f clki x) 

In 2-x Mode (f CLK2x) 


8 
8 


62.5 

00 


ns 
ns 


(11) 


TCL 


CLKIN Low Time In 1-x Mode (f clkix) 

In 2-x Mode (f clK2x) 


8 
8 


62.5 
00 


ns 
ns 


(11) , 


TCR 


CLKIN Rise Time 





6 


ns 




TcF 


CLKIN Fall Time 





6 


ns 




Output Clocks (1,8) 1 


TcP 


CLKIN to PCLK2:1 Delay In 1-x Mode (f clkix) 

In 2-x Mode (f cLK2x) 


-2 
2 


2 
25 


ns 
ns 


(3,12) 
(3) 


T 


PCLK2:1 Period In 1-x Mode (f clkix) 

In 2-x Mode (f clK2x) 


Tc 
2Tc 


ns 
ns 


(12) 
(3) 


TPH 


PCLK2'1 High Time 


(T/2)-3 


T/2 


ns 


(12) 


TPL 


PCLK2:1 Low Time 


(T/2) - 3 


T/2 


ns . 


(12) 


TpR 


PCLK2:1 Rise Time 


1 


4, 


ns 


(3) 


TPF 


PCLK2:1 Fall Time 


1 


4 


ns 


(3) 


Synchronous Outputs (8) | 


TOH 


Output Valid Delay, Output Hold 

TOHI-Tovi A31:2 
T0H2. ToV2 BE3:0 
TqHS. Tov3 ads 
TnUA. Tnv/A W/R 
Tnw^.Tnv. D/C, SUP. DMA 
ToH6. Tov6 BUST WAIT 
ToH7. Tov? DEN 
ToH8. Tovs HOLDA, BREQ 
ToHQ, TnvQ LOCK 
TOH10. ToviO DACK3:0 
TOHII.T0VII D31;0 
T0H12. T0V12 DT/R 

"•"oHia. T0V13 pAJL 

T0H14. T0V14 EOP3:0/TC3:0 


3 
3 
6 
3 
4 
5 
3 
4 
4 
4 
3 
T/2 + 3 
2 
3 


16 
18 
20 
20 
18 
18 
18 
18 
18 
20 
18 
T/2+16 
16 
20 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


(6.10) 
(6.10) 


TOF 


Output Float for all outputs 


3 


22 


ns 


(6) 


Synchronous Ihputs (1,9,10) | 


T|S 


Input Setup 

T|si . D31:0 

T.Qo b6ff 

T|S3 BTERM/READY 
T|S4 HOLD 


5 
19 
9 
9 




ns 
ns 
ns 
ns 




T|H 


Input Hold 

T,Hi 031 :0 
T|H2 BOFF 
T|H3 BTERM/READY 
T,H4 HOLD 


5 
7 
2 
5 




ns 
ns 
n§ 
ns 
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Table 17. 80960CA AC Characteristics (25 I^Hz) (Continued) 
(80960CA-25 only, under conditions described in Section 4.2, Operating Conditions and Section 4.5.1, AC Test 
Conditions.) 



Symbol 1 Parameter 


Min 1 Max 1 Units 


Notes 1 


Relative Output Timings (1 ,2,3,8) | 


Tavshi 


A31:2 Valid to ADS Rising 


T-4 


T + 4 


ns 




TaVSH2 


BE3:0. W/R. SUP, D/C. 

DMA, DACK3:0 Valid to ADS Rising 


T-6 


T + 6 


ns 




Taveli 


A31:2 Valid to DEN Falling 


T-4 


T + 4 


ns 




"T'AVELa 


BE3:6. W/R. SUP. INST. 

DMA, DACK3:0 Valid to DEN Falling 


T-6 


T + 6 


ns 




Tnlqv 


WAIT Falling to Output Data Valid 


±4 


ns 




Tdvnh 


Output Data Valid to WAIT Rising 


N*T - 4 1 N*T + 4 


ns 


(4) 


Tnlnh 


WAIT Falling to WAIT Rising 


N*T±4 


ns 


(4) 


Tnhqx 


Output Data Hold after WAIT Rising 


(N+1)*T-8 


(N+1)*T+6 


ns 


(5) 


TeHTV 


DT/R Hold after DEN High 


T/2-7 


oo 


ns 


(6) 


Ttvel 


DT/R Valid to DEN Falling 


T/2-4 




ns 




Relative Input Timings (1,2,3) " | 


T|S5 


RESET Input Setup (2-x Clock Mode) 


8 




ns 


(13) 


T|H5 


RESET Input Hold (2-x Clock Mode) 


7 




ns 


(13) 


T|S6 


DREQ3:0 Input Setup ' 


14 




ns 


(7) 


T|H6 


DREQ3:0 Input Hold 


9 




ns 


(7) 


T|S7 


XINT7:0, NMI Input Setup 


9 




ns 


(15) 


T|H7 


XINTT.O, NMI Input Hold 


5 




ns 


(15) 


T|S8 


RESET Input Setup (1-x Clock Mode) 


3 




ns 


(14) 


T|H8 


RESET Input Hold (1-x Clock Mode) 


T/4 + 1 




ns 


(14) 




NOTES: 

I See Section 4.5.2, AC Timing Waveforms for waveforms and definitions. 
See Figure 1 6 for capacitive derating information for output delays and hold times. 

See Figure 1 7 for capacitive derating information for rise and fall times 

Where N is the number of Nr^q, Nrqq, Nyy^^Q or N^vdo ^^'^ states that are programmed in the Bus Controller Region Table. WAIT never 
goes active when there are no wait stat es in an access. 
N = Number of wait states inserted with READY. 

Output Data and/or DT/R may be driven indefinitely following a cycle if there is no subsequent bus activity 

Since asynchronous inputs are synchronized internally by the 80960CA, they have no required setup or hold times to be recognized and for 
proper operation However, to guarantee recognition of the input at a particular edge of PCLK2 1 , the setup times shown must be met Asyn- 
chronous inputs must be active for at least two consecutive PCLK2 1 rising edges to be seen by the processor 

8 These specifications are guaranteed by the processor 

9 These specifications must be met by the system for proper operation of the processor. 

10 This timing is dependent upon the Idading of PCLK2 1. Use the derating curves of Section 4.5.3, Derating Curves to adjust the timing for 
PCLK2 1 loading 

I I In the 1-x input clock mode, the maximum input clock period is limited to 125 ns while the processor is operating When the processor is in 
reset, the input clock may stop even in 1-x mode. 

12 When in the 1-x input clock mode, these specifications assume a stable input clock with a period variation of less than ±0 1% between adja- 
cent cycles. 

13 In 2-x clock mode. RESET is an asynchronous input which has no require d setup and hold time for proper operation However, to guarantee 
the device exits reset synchronized to a particular clock edge, the RESET pin must meet setup and hold times to the falling edge of the 
CLKIN (See Figur e 22 ) 

14 In 1-x clock mode, RESET is an asynchronous input which has no require d setup and hoW time for proper operation. However, to guarantee 
the device exits reset synchronized to a particular clock edge, the RESET pin must meet setup and hold times to the nsing edge of the 
CLKIN (See Figure 23.) 

15. The interrupt pins are synchronized internally by the 80960CA. They have no required setup or hold times for proper operation. These pins 
are sampled by the interrupt controller every other clock and must be active for at least three consecutive PCLK2 1 rising edges when assert- 
ing them asynchronously To guarantee recognition at a particular ctock edge, the setup and hold times shown must be met for two consecu- 
tive PCLK21 rising edges 
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Table 18. 80960CA AC Characteristics (16 MHz) 








(80960CA-16 only, under conditions described in Section 4,2, Operating Conditions and Section 4.5.1, AC Test Conditions.) 


Symbol I Parameter 


1 Min 


Max 


Units 


Notes 


Input Clock (1,9) 


Tf 


CLKIN Frequency 





32 


MHz 




Tc 


CLKIN Period 


In l-xMode(fcLKix) 


62.5 


125 


ns 


(11) 






ln2-xMode(fcLK2x) 


31.25 


00 


ns 




TCS 


CLKIN Period Stability 


In l-xMode(fcLKix) 




±0.1% 


• A 


(12) 


TcH 


CLKIN High Time 


In l-xMode(fcLKlx) 
ln2-xMode(fcLK2x) 


10 
10 


62.5 
00 


ns 
ns 


(11) 


TCL 


CLKIN Low Time 


In 1-xM9de(fcLKix) 


10 


62.5 


ns 


(11) 






ln2-xMode(fcLK2x) 


10 


00 


ns 




TCR 


CLKIN Rise Time 





6 


ns 




TCF 


CLKIN Fall Time 





6 


ns 




Output Clocks (1,8) 


TcP 


CLKIN to PCLK2:1 Delay 


In l-xMode(fcLKix) 


-2 


, 2 


ns 


(3.12) 






ln2-xMode(fcLK2x) 


2 


25 


ns 


(3) 


T 


PCLK2:1 Period 


In l-xMode(fcLKix) 


Tc 


ns 


(12) 






ln2-xMode(fcLK2x) 


2Tc 


ns 


(3) 


TPH 


PCLK2:1 High Time 


(T/2)-4 


T/2 -■ 


ns 


(12) 


TPL 


PCLK2:1 Low Time 


(T/2)-4 


T/2 


ns 


(12) 


TpR 


PCLK2:1 Rise Time 


1 


4 


ns 


(3) 


TPF 


PCLK2:1 Fall Time 


1 


4 


ns 


(3) 


Synchrohous Outputs (8) | 


Tqh 


Output Valid Delay, Output Hold 










(6,10) 


Tqv 


Tohi.Tqvi 


A31:2 


3 , 


18 


ns 






ToH2. Tov2 


BE3:0 


3 


20 


ns 






TOHS. ToV3 


ADS 


6 


22 


ns 






T0H4. "''0V4 


W/R 


3 


22 


ns 






"^OHS- ^OVS 


D/C. SUR DMA 


4 


20 


ns 






''"OH6. T0V6 


BLAST WAIT 


5 


20 


ns 






T0H7. ToV7 


DEN 


3 


20 


ns 






"•"OHS- ^OVS , 


HOLDA, BREQ 


4 


20 


ns 






ToH9. ToV9 


LOCK 


4 


20 


ns 






TOHIO- TqviO 


DACK3:0 


4 


22 


ns 






ToHII'Tovil 


D31:0 


3 


20 


nS' 






T0HI2. T0VI2 


DT/R 


T/2 + 3 


T/2 +18 


ns 






T0HI3- T0VI3 


FAIL 


2 


18 


ns 






ToHM'Tovu 


EOP3:0rrC3:0 


3 


22 


ns 


(6,10) 


Top 


Output Float for all outputs 


3 


22 


ns 


(6) 


Synchronous Inputs (1,9,10) 


T|S 


Input Setup 














Tisi 


D31:0 


5 




ns 






"'"1S2 


BOFF 


21 




ns 






T|S3 


BTERM/READY 


9 




ns 






T,S4 


HOLD 


9 




ns 




T|H 


Input Hold 














TjHl 


D31:0 


5 




ns 






"''"1H2 


BOFF 


7 




ns 






T|H3 


BTERM/READY 


2 




ns 






"T"lH4 


HOLD 


5 




ns 
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Table 18. 80960CA AC Characteristics (16 MHz) (Continued) 
80960CA-1 6 only, under conditions described in Section 4.2, Operating Conditions and Section 4.5.1 . AC Test Conditions. 


Symbol Parameter 1 Min 1 Max 1 Units 1 Notes 


Relative Output Timings (1 .2.3.8) 


"Tavshi. 


A31:2 Valid to ADS Rising 


T-4 


T.f-4 


ns 




''AVSH2 


BE3:0. W/R. SUP. D/C. 

DMA, DACK3:0 Valid to ADS Rising 


T-6 


T-i-6 


ns 




Taveli 


A31:2 Valid to DEN Falling 


T-6 


T-i-6 


ns 




TaVEL2 


BE3:0. W/R, SUP. INST. 

DMA, DACK3:0 Valid to DEN Falling 


T-6 


T.i-6 


ns 




Tnlqv 


WAIT Falling to Output Data Valid 


±4 


ns 




Tdvnh 


Output Data Valid to WAIT Rising 


N*T-4 1 N*T-»-4 


ns 


(4) 


Tnlnh 


WAIT Falling to WAIT Rising 


N*T±4 


ns 


(4) 


Tnhqx 


Output Data Hold after WAIT Rising 


(N+1)*T-8 


(N+1)*T+6 


ns 


(5) 


Tehtv 


DT/R Hold after DEN High 


T/2-7 


oo 


ns 


(6) 


Ttvel 


DT/R Valid to DEN Falling 


T/2-4 




ns 




Relative Input Timings (1 ,2,3) | 


T,S5 


RESET Input Setup (2-x Clock Mode) 


10 




ns 


(13) 


T|H5 


RESET Input Hold (2-x Clock Mode) 


9 




ns 


(13) 


T,S6 


DREQ3:0 Input Setup 


16 




ns 


(7) 


T,H6 


DREQ3:0 Input Hold 


11 




ns 


(7) 


T,S7 


XINT7:0.NMI Input Setup 


9 




ns 


(15) 


T|H7 


XINT7:0.NMI Input Hold 


5 




ns 


(15) 


T,S8 


RESET Input Setup (1-x Clock Mode) 


3 




ns 


(14) 


T,H8 


RESET Input Hold (1 -x Clock Mode) 


T/4 + 1 




ns 


(14) 




NOTES: 

1 . See Section 4.5.2, AC Timing Waveforms for waveforms and definitions. 

2. See Figure 16 for capadtive derating information for output delays and hold times. 

3. See Figure 1 7 for capacitive derating information for rise and fall times. 

4. Where N is the number of Nf^D> '^rdd> Nwad or N^qq wait states that are programmed in the Bus Controller Region Table. WAIT never goes 
active when there are no wait states in an acces s. 

5. N s Number of wait states inserted with READY. 



6. Output Data and/or DT/R may be driven indefinitely following a cycle if there is no subsequent bus activity. 

7. Since asynchronous inputs are synchronized internally by the 80960CA, they have no required setup or hold times to be recognized and for 
proper operation. However, to guarantee recognition of the input at a particular edge of PCLK2:1 , the setup times shown must be met. Asyn- 
chronous inputs must be active for at least two consecutive PCLK2:1 rising edges to be seen by the processor. 

8. These specifications are guaranteed by the processor. 

9. These specifications must be met by the system for proper operation of the processor. 

10. This timing is dependent upon the loading of PCLK2:1 . Use the derating curves of Section 4.5.3, Derating Curves to adjust the timing for 
PCLK2:1 loading. 

11. In the 1-x input clock mode, the maximum input dock period is limited to 125 ns while the processor is operating. When the processor is in 
reset, the input dock may stop even in 1-x mode. 

12. When in the 1-x input dock mode, these specifications assume a stable input clock with a period variation of less than ± 0.1% between adja- 
cent cydes. 

13. In 2-x dock mode, RESET is an asynchronous input which has no require d setup and hoM time for proper operation. However, to guarantee 
the device exits reset synchronized to a particular dock edge, the RESET pin must meet setup and hold times to the falling edge of the 
CLKIN. (See Figur e 22.) 

14. In 1-x dock mode, RESET is an asynchronous input which has n o require d setup and hokl time for proper operation. However, to guarantee 
the device exits reset synchronized to a particular clock edge, the RESET pin must meet setup and hold times to the rismg edge of the CLKIN. 
(See Figure 23.) 

1 5. The interrupt pins are synchronized internally by the 80960CA. They have no required setup or hold times for proper operation. These pins are 
sampled by the interrupt controller every other clock and must be active for at least three consecutive PCLK2:1 rising edges when asserting 
them asynchronously. To guarantee recognition at a particular cbck edge, the setup and hold times shown must t}e met for two consecutive 
PCLK2:1 rising edges. 
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4.5.1 AC Test Conditions 

The AC Specifications in Section 4.5 are tested witli 
the 50 pF load sliown in Figure 7. Figure 16 sliows 
how timings vary with load capacitance. 

Specifications are measured at the 1.3V crossing 
point, unless othen^^ise indicated. Input waveforms 
are assumed to have a rise and fail time of ^ 2 ns 
from 0.8V to 2.0V. See Section 4.5.2, AC Timing 
Waveforms for AC spec definitions, test points and 
illustrations. 

4.5.2 AC Timing Waveforms 
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Figure 8. Input and Output Cloclcs Waveform 
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Figures. CLKIN Waveform 
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Figure 10. Output Delay and Float Waveform 
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Figure 11. Input Setup and Hold Waveform 



Tov Tqh - OUTPUT DELAY - The maximum output delay is refen-ed to 

as the Output Valid Delay (Tov)- The minimum output delay is 
relented to as the Output Hold (Toh)- 

Tqf - OUTPUT FLOAT DELAY - The output float condition occurs 

when the maximum output pun-ent becomes less that \iq in magnitude. 

T|s T|H - INPUT SETUP AND HOLD - The input setup and hold requirements 
specify the sampling window during which synchronous inputs must be 
stable for correct processor operation. 
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Figure 12. NMI, XINT7:0 Input Setup and Hold Waveform 
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Tqv Tqh - OUTPUT DELAY - The maximum output delay Is referred to 
as the Output Valid Delay (Tov)- The minimum output delay is 
referred to as the Output Hold (Tqh)- 

Tqf - OUTPUT FLOAT DELAY - The output float condition occurs 

when the maximum output current becomes less that l|_o in magnitude. 

Tis T|H ■ INPUT SETUP AND HOLD r The input setup and hold requirements 
specify the sampling window during which synchronous inputs must be 
stable for correct processor operation. 
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Figure 13. Hold Acknowledge Timings 
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Figure 14. Bus Backoff (BOFF) Timings 
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Figure 15. Relative Timings Waveforms 



4.5.3 Derating Curves 
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Figure 16. Output Delay or Hold vs. Load Capacitance 
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Figure 17. Rise and Fail Time Derating at Highest Operating Temperature and Minimum Vcc 
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Figure 18. Ice vs. Frequency and Temperature 
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5.0 RESET, BACKOFF AND HOLD 
ACKNOWLEDGE 

Table 19 lists the condition of each processor output 
pin while RESET is asserted (low). 

Table 19. Reset Conditions 



Table 20 lists the condition of each processor output 
pin while HOLDA is asserted (low). 

Table 20. Hold Acknowledge 
and Backoff Conditions 



Pins 


State During Reset 
(HOLDA Inactive)^ 


A31:2 


Floating 


D31:0 


Floating 


BE3:0 


Driven high (Inactive) 


W/R 


Driven low (Read) 


ADS 


Driven high (Inactive) 


WAIT 


Driven high (Inactive) 


BLAST 


Driven low (Active) 


DT/R 


Driven low (Receive) 


DEN 


Driven high (Inactive) 


LOCK 


Driven high (Inactive) 


BREQ 


Driven low (Inactive) 


D/C, 


Floating 


DMA 


Floating 


SUP 


Floating 


FAIL 


Driven low (Active) 


DACK3:0 


Driven high (Inactive) 


EOP3:0/TC3:0 


Floating (Set to Input mode) 



NOTES: 

1. With regard to bus output pin state only, the Hold 
Acknowledge state takes pr ecedenc e over the reset 
state. Although asserting the RESET pin will internally 
reset the processor, the processor's bus output pins 
will not enter the reset state if it has granted Hold 
Acknowledge to a previous HOLD request (HOLDA Is 
active). Furthermore, the processor will grant new 
HOLD requests and enter the Hold Acknowledge state 
even while in reset. 

For example, if HOLDA is Inactive and the processor is 
in the reset state, then HOLD is asserted, the proces- 
sor's bus pins enter the Hold Acknowledge state and 
HOLDA is granted. The processor will not be able to 
perform memory acc esses u ntil the HOLD request is 
removed, even if the RESET pin is brought high. This 
operation is provided to simplify boot-up synchroniza- 
tion among multiple processors sharing the same bus. 



Pins 


State During HOLDA 


A31:2 


Floating 


D31:0 


Floating 


BE3:0 


Floating 


W/R 


Floating 


ADS 


Floating 
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Floating 
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Floating 
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Floating 
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Floating 


BREQ 
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Floating 


DMA 


Floating 


SUP 


Floating 
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Driven (If output) 
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Figure 23. ClocIc Synchronization in the 1-x Ciocl( i^ode 
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Figure 24. Non-Burst, Non-Pipelined Requests Without Wait States 
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Figure 25. Non-Burst, Non-Pipelined Read Request With Wait States 
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Figure 26. Non-Burst, Non-Pipelined Write Request Witli Wait States 
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Figure 27. Burst, Non-Pipelined Read Request Without Wait States, 32-Bit Bus 
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Figure 28. Burst, Non-Pipelined Read Request With Wait States, 32-Bit Bus 
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Figure 29. Burst, Non-Pipelined Write Request Without Wait States, 32-Bit Bus 
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Figure 30. Burst, Non-Pipelined Write Request Witti Wait States, 32-Bit Bus 
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Figure 31. Burst, Non-Pipelined Read Request With yVait States* 16-Bit Bus 
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Figure 32. Burst, Non^Pipelined Read Request With Wait States, 8-Bit Bus 
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Figure 33. Non-Burst, Pipelined Read Request Without Wait States, 32-Bit Bus 
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Figure 34. Non-Burst, Pipelined Read Request With Wait States, 32-Bit Bus 
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Figure 35. Burst, Pipelined Read Request Witliout Wait States, 32-Bit Bus 
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Figure 36. Burst, Pipelined Read Request WItli Wait States, 32-Bit Bus 
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Figure 37. Burst, Pipelined Read Request With Wait States, 16-Bit Bus 
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Figure 38. Burst, Pipelined Read Request With Wait States, 8-Bit Bus 
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Figure 39. Using External READY 
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Figure 40. Terminating a Burst with BTERM 
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Figure 41 . BOFF Functional Timing 
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Figure 42. HOLD Functional Timing 
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Figure 43. DREQ and DACK Functional Timing 
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Figure 44. EOF Functional Timing 



1-258 



irriel 



80960CA-33, -25, -16 



! ! 



I I 



PCLK2 



DREQ 



ADS 



DACK 



LrvruxpjMvi 



TC 






I 



I 
I 
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further information. 




Figure 45. Terminal Count Functional Timing 
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Figure 46. FAIL Functional Timing 
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Figure 47. A Summary of Aligned and Unaligned Transfers for Little Endlan Regions 
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Figure 48. A Summary of Aligned and Unaligned Transfers for Little Endian Regions (Continued) 
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Figure 49. Idle Bus Operation 
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7.0 REVISION HISTORY 

This data sheet supersedes data sheet 270727-005. Specification changes in the 80960CA data sheet are a 
result of design changes. The sections significantly changed since the previous revision are: 



Section 


Last 
Rev. 


Description 


Table 11 . 80960CA PQA Package Thermal 
Characteristics 


-005 


Removed references and notes pertaining to 
6j.cAP and ej.piN. 


Table 12. 80960CA PQFP package Thermal 
Characteristics 


-005 


Removed references and notes pertaining to Ojl. 
andejB. 


3.3 80960CA iVIechanical Data 


-005 


Removed section containing information on 
Package Dimensions. Moved section header to 
encompass Pinout tables and diagrams. 


3.7 Suggested Sources for 80960CA 
Accessories 


-005 


Removed entire section containing information 
about 80960CA accessories. 


Tables 1 6. 17 and18 80960CA AC Charac- 
teristics (33-. 25- and 16MMz, respectively) 


-005 


TjvEL maximum deleted. 

''"nhqx and Te^tv minimums changed: 

WAS: IS: 
Tnhqx (N+1)n--6 (N+1)*T-8 
Tehtv T/2-6 T/2-7 


All 


-005 


All timing diagrams and waveforms have been 
redrawn to conform to consistent fomiat. 

Data sheet formatting has been changed to 
conform to corporate standards. Specific 
fomiatting changes are not itemized in this 
revision history. 
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32-BIT HIGH PERFORMANCE SUPERSCALAR 

PROCESSOR 

• Socket and Object Code Compatible with 80960CA 

• Two Instructions/Ciocic Sustained Execution 

• Four 59 l\/lbytes/s DIUIA Channels with Data Chaining 

• Demultiplexed 32-bit Burst Bus with Pipelining 



32-bit Parallel Architecture 

— Two Instructions/clock Execution 

— Load/Store Architecture 

— Sixteen 32-bit Global Registers 

— Sixteen 32-bit Local Registers 

— Manipulate 64-bit Bit Fields 

— 1 1 Addressing Modes 

— Full Parallel Fault Model 

— Supervisor Protection Model 

Fast Procedure Call/Return Model 

— Full Procedure Call in 4 clocks 

On-Chip Register Cache 

— Caches Registers on Call/Ret 

— Minimum of 6 Frames provided 

— Up to 15 Programmable Frames 

On-Chip Instruction Cache 

— 4 Kbyte Two-Way Set Associative 

— 128-bit Path to Instruction Sequencer 

— Cache-Lock Modes 

— Cache-Off Mode 

On-Chip Data Cache 

— 1 Kbyte Direct-Mapped, 
Write Through 

— 128 bits per Clock Access on 
Cache Hit 



High Bandwidth On-Chip Data RAM 

— 1 Kbytes On-Chip RAM for Data 

— Sustain 128 bits per clock access 

Four On-Chip DMA Channels 

— 59 Mbytes/s Fly-by Transfers 

— 32 Mbytes/s Two-Cycle Transfers 

— Data Chaining 

— Data Packing/Unpacking 

— Programmable Priority Method 

32-Bit Demultiplexed Burst Bus 

— 128-bit internal Data Paths to and 
from Registers 

— Burst Bus for DRAM Interfacing 

— Address Pipelining Option 

— Fully Programmable Wait States 

— Supports 8, 16 or 32-bit Bus Widths 

— Supports Unaligned Accesses 

— Supervisor Protection Pin 

Selectable Big or Little Endlan Byte 
Ordering 

High-Speed Interrupt Controller 

— Up to 248 External Interrupts 

— 32 Fully Programmable Priorities 

— Multi-mode 8-bit Interrupt Port 

— Four Internal DMA Interrupts 

— Separate, Non-maskable Interrupt Pin 

— Context Switch in 750 ns Typical 




Figure 1. 80960CF Die Photo 
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1.0 PURPOSE 

This document previews electrical characterizations 
of Intel's i960 CF embedded microprocessor (avail- 
able in 33. 25 and 16 MHz). For a detailed descrip- 
tion of any i960 CF processor functional topic— oth- 
er than parametric performance—refer to the latest 
i960 CA Microprocessor Reference Manual (Order 
No. 270710) and the i960 CF Reference Manual Ad- 
dendum (Order No. 272188). 



2.0 i960 CF PROCESSOR OVERVIEW 

Intel's i960 CF microprocessor is the performance 
follow-on product to the i960 CA processor. The 
i960 CF product Is socket- and object code-compati- 
ble with the CA; this makes CA-to-CF design up- 
grades straightfonrt^ard. The i960 CF processor's in- 
struction cache is 4 Kbytes (CA device has 1 Kbyte); 
CF data cache is 1 Kbyte (CA device has no data 
cache). This extra cache on the CF product adds a 
significant performance boost over the CA. The 
80960CF is object code compatible with the 32-blt 
80960 Core Architecture while including Special 
Function Register extensions to control on-chip pe- 
ripherals, and instruction set extensions to shift 64- 
bit operands and configure on-chip hardware. Multi- 
ple 128-bit internal busses, on-chip instruction cach- 
ing and a sophisticated instruction scheduler allow 
the processor to sustain execution of two instruc- 



tions every clock, and peak at execution of three 
instructions per clock. 

A 32-bit demultiplexed and pipelined burst bus pro- 
vides a 132 Mbyte/s bandwidth to a system's high- 
speed external memory sub-system. In addition, the 
80960CF's on-chip caching of instructions, proce- 
dure context and critical program data substantially 
decouples system performance from the wait states 
associated with accesses to the system's slower, 
cost sensitive, main memory sub-system. 

The 80960CF bus controller also integrates full wait 
state and bus width control for highest system per- 
formance with minimal system design complexity. 
Unaligned access and Big Endian byte order support 
reduces the cost of porting existing applications to 
the 80960CF. 

The processor also integrates four complete data- 
chaining DMA channels and a high-speed interrupt 
controller on-chip. The DMA channels perform: sin- 
gle-cycle or two-cycle transfers, data packing and 
unpacking, and data chaining. Block transfers, in ad- 
dition to source or destination synchronized trans- 
fers, are provided. 

The Interrupt controller provides full programmability 
of 248 interrupt sources into 32 priority levels with a 
typical interrupt task switch ("latency") time of 
750 ns. 




PROGRAMMABLE 
INTERRUPT CONTROLLER 



INSTRUCTION PREFETCH QUEUE 




INSTRUCTION CACHE 
(4K byte, Two-way set associative) 




FOUR-CHANNEL 
DMA CONTROLLER 



BUS CONTROLLER 



I Bus Request Queuesl 



272187-1 



Figure 2. 80960CF Block Diagram 



AOmKl©! 0K](F©[^[M1A¥D@M 



1-267 



80960CF-33, -25, -16 



Intel 



2.1. The C-Series Core 

The C-Series core is a very high performance micro- 
architectural implementation of the 80960 Core Ar- 
chitecture. The C-Series core can sustain execution 
of two instructions per clock (66 MIPs at 33 MHz). 
To achieve this level of performance, Intel has incor- 
porated state-of-the-art silicon technology and inno- 
vative microarchitectural constructs into the imple- 
mentation of the C-Series core. Factors that contrib- 
ute to the core's performance include: 

— Parallel instruction decoding allows issue of up 
to three instructions per clock. 

•— Most instructions execute in a single clock. 

— Parallel instruction decode allows sustained, 
simultaneous execution of two single-clock in- 
structions every clock cycle. 

— Efficient instruction pipeline minimizes pipeline 
break losses. 

— Register and resource scoreboarding allow 
simultaneous multi-clock instruction execution. 

— Branch look-ahead and prediction allows many 
branches to execute with no pipeline break. 

— - Local Register Cache integrated on-chip caches 
Call/ Return context. 

— Two-way set associative, 4 Kbyte integrated in- 
struction cache. 

— Direct mapped, 1 Kbyte data cache, write 
through, write allocate. 

— 1 Kbyte integrated Data RAM sustains a four- 
word (128-bit) access every clock cycle. 



2.2. Pipelined, Burst Bus 

A 32-blt high performance bus controller interfaces 
the 80960CF to external memory and peripherals. 
The Bus Control Unit features a maximum transfer 
rate of 132 Mbytes per second (at 33 MHz). Internal- 
ly programmable wait states and 1 6 separately con- 
figurable memory regions allow the processor to in- 
terface with a variety of memory subsystems with a 
minimum of system complexity and a maximum of 
performance. The Bus Controller's main features in- 
clude: 



Demultiplexed, Burst Bus to exploit most efficient 
DRAM access modes. 

Address Pipelining to reduce memory cost while 
maintaining performance. 

32-, 16" and 8-bit modes for I/O interfacing ease. 

Full internal wait state generation to reduce sys- 
tem cost. 

Little and Big Endian support to ease application 
development. 

Unaligned access support for code portability. 

Three-deep request queue to decouple the bus 
from the core. 



2.3. Flexible DMA Controller 

A four channel DMA controller provides high speed 
DMA control for data transfers involving peripherals 
and memory. The DMA provides advanced features 
such as data chaining, byte assembly and disassem- 
bly, and a high performance fly-by mode capable of 
transfer speed of up to 59 Mbytes per second at 
33 MHz. The DMA controller features a performance 
and flexibility which is only possible by integrating 
the DMA controller and the 80960CF core. 



2.4. Priority Interrupt Controller 

A programmable-priority interrupt controller man- 
ages up to 248 external sources through the 8-bit 
external interrupt port. The Interrupt Unit also han- 
dles the four internal sources from the DMA control- 
ler, and a single non-maskable interrupt input. The 
8-bit interrupt port can also be configured to provide 
individual interrupt sources that are level or edge 
triggered. 

Interrupts in the 80960CF are prioritized and sig- 
naled within 270 ns of the request. If the interrupt is 
of higher priority than the processor priority, the con- 
text switch to the interrupt routine typica^lly is com- 
plete in another 480 ns. The interrupt unit provides 
the mechanism for the low latency and high through- 
put interrupt service which is essential for embedded 
applications. 
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2.5. Instruction Set Summary 



The following table summarizes the 80960CF Instruction set by logical groupings. See the i960 CA Microproc- 


essor Reference Manual for 


a complete description of the instruction set. 




Data 


Arithmetic 


Logical 


Bit, Bit Fieid 


Movement 






and Byte 


Load 


Add 


And 


Set Bit 


Store 


Subtract 


Not And 


Clear Bit 


Move 


Multiply 


And Not 


Not Bit 


Load Address 


Divide 


Or 


Alter Bit 




Remainder 


Exclusive Or 


Scan for Bit 




Modulo 


Not Or 


Span over Bit 




Shift 


Or Not 


Extract 




♦Extended 


Nor 


Modify 




Shift 


Exclusive Nor 


Scan Byte for Equal 




Extended 


Not 






Multiply 


Nand 






Extended 








Divide 








Add with 








Carry 








Subtract with 








Carry 








Rotate 






Comparison 


Branch 


Caii and Return 


Fauit 


Compare 


Unconditional 


Call 


Conditional 


Conditional 


Branch 


Call Extended 


Fault 


Compare 


Conditional 


Call System 


Synchronize 


Compare and 


Branch 


Return 


Faults 


Increment 


Compare and 


Branch and Link 




Compare and 


Branch 






Decrement 








Test Condition Code 








Check Bit 








Debug 


Processor 
i\/lanagement 


Atomic 




Modify Trace 


Modify 


Atomic Add 




Controls 


Process 


Atomic Modify 




Mark 


Controls 






Force Mark 


Modify 

Arithmetic 

Controls 
♦System Control 
♦DMA Control 
Flush Local 








Registers 







NOTE: 

Instructions marked by (*) are 80960CF extensions to the 80960 instruction set. 
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3.0 PACKAGE INFORMATION 



3.1. Package Introduction 

This section describes the pins, pinouts and thermal 
characteristics for the 80960CF injhe 168-pin Ce- 
ramic Pin Grid Array (PGA) package and the 1 96 pin 
Plastic Quad Flat Package (PQFP). For complete 
package specifications and information, see the Intel 
Packaging Outlines and Dimensions Guide (Order 
No« 231369). 



3.2. Pin Descriptions 

The 80960CF pins are described in this section. Ta- 
ble 1 presents the legend for Interpreting the pin de- 
scriptions in the following tables. 

Pins associated with the 32-bit demultiplexed proc- 
essor bus are described in Table 2. Pins associated 
with basic processor configui'ation and control are 
described in Table 3. Pins associated with the 
80960CF DMA Controller and Interrupt Unit are de- 
scribed in Table 4. 

Figure 3 provides an example pin description table 
entry. *'l/0" signifies that data pins are input-output. 
"S" indicates pins are synchronous to PCLK2:1. 
"H(Z)" indicates that these pins float while the proc- 
essor bus is in a Hold Acknowledge state. "R(Z)" 
indicates that the pins also float while RESET is low. 

All pins float while the processor is in the ONCE 
mode. 



Table 1. Pin Description Nomenclature 



Symbol 


Description 


1 


Input only pin 





Output only pin 


I/O 


Pin can be either an input or output 


- 


Pins "must be" connected as 
described 


S(...) 


Synchronous. Inputs must meet setup 
and hold times relative to PCLK2:1 for 
proper operation. All outputs are 
synchronous to PCLK2:1 . 
S(E) Edge sensitive input 
S(L) Level sensitive input 


A(...) 


Asynchronous. Inputs may be 
asynchronous to PCLK2:1 . 
A(E) Edge sensitive input 
A(L) Level sensitive input 


H(...) 


While the processor's bus is in the 
Hold Acknowledge or Bus Backoff 
state, the pin: 

H(1) is driven to Vcc 

H(0) is driven to Vss 

H(Z) floats 

H(Q) continues to be a valid output 


R(...) 


While the processor's RESET pin is 
low, the pin 

R(1) is driven to Vcc 

R(0) is driven to Vss 

R(Z) floats 

R(Q) continues to be a valid output 



Name 


Type 


Description 


D31:0 


I/O 

S(L) 
H(Z) 
R(Z) 


DATA BUS carries 32-, 1 6- or 8-bit data quantities depending on bus width configuration. 
The least significant bit of the data is carried on DO and the most significant on D31 . When 
the bus is configured for 8-bit data, the lower 8 data lines, D7:0 are used. For 1 6-bit bus 
widths, D1 5:0 are used. For 32-bit bus widths the full data bus is used. 



Figure 3. Example Pin Description Entry 
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Table 2. 80960CF Pin Descrlption-^External Bus Signals 



Name 


Type 


Description 


A31:2 




8 
H(Z) 
R(Z) 


ADDRESS BUS carries the physical address upper 30 bits. A31 is the most 
significant address bit and A2 is the least significant. During a bus access, A31 :2 
identify all external addresses to word (4-byte) boundaries. The byte enable 
signals indicate the selected byte in each word. During burst accesses, A3 and A2 
increment to indicate successive data cycles. 


D31:0 


I/O 

S(L) 
H(Z) 
R(Z) 


DATA BUS carries 32-, 16- or 8-bit data quantities depending on bus width 
configuration. The least significant bit of the data is carried on DO and the most 
significant on D31 . When the bus is configured for 8-bit data, the lower 8 data 
lines, D7:0 are used. For 1 6-bit bus widths, D1 5:0 are used. For 32-bit bus widths 
the full data bus is used. 


BE3 
BE2 
BE1 
BEO 




s 

H(Z) 
R(1) 


BYTE ENABLES select which of the four bytes addressed by A31 :2 are active 
during an access to a memory region configured for a 32-blt data-bus width. BE3 
applies to D31 :24; BE2 applies to D23:1 6; BE1 applies to D1 5:8; and BEO applies 
to D7:0. 

32-bit bus: BE3 -Byte Enable 3 -enable D31:24 
BE2 -Byte Enable 2 -enable D23:16 
BE1 -Byte Enable 1 -enable 01 5:8 
BEO -Byte Enable -enable D7:0 

For accesses to a memory region configured for a 1 6-bit data-bus width, the 
processor directly encodes BE3, BE1 and BEO to provided BHE, A1 and BLE 
respectively. 

16-bit bus: BES -Byte High Enable (BHE) -enable D15:8 
BE2 -Not used (is driven high or low) 
BeT -Address Bit 1(A1) 
BEO -Byte Low Enable (BLE) -enable D7:0 

For accesses to a memory region configured for an 8-bit data bus width, the 
processor directly encodes BE1 and BEO to provide A1 and AO respectively. 

8-bitbus: BE3 -Not used (is driven high or low) 
BE2 -Not used (is driven high or low) 
BE1 -Address Bit 1 (A1) 
BEO -Address Bit 0(A0) 


W/R 




8 
H(Z) 
R(0) 


WRITE/READ is asserted for read requests and deasserted for write requests. 
The W/R signal changes in the same clock cycle as AD8. It remains valid for the 
entire access in non-pipelined regions. In pipelined regions, W/R is not 
guaranteed valid in the last cycle of a read access. 


ADS 




8 
H(Z) 
R(1) 


ADDRESS STROBE indicates valid address and the start of a new bus access. 
ADS is asserted for the first clock of a bus access. 


READY 


1 
S(L) 
H(Z) 
R(Z) 


READY is an input which signals the termination of a data transfer. READY is 
used to indicate that read data on the bus is valid, or that a write-data transfer has 
completed. The READY signal works in conjunction with the internally 
programmed wait-state generator. If READY is enabled in a region, the pin is 
sampled after the programmed number of wait-states has expired. If the READY 
pin is deasserted, wait states continue to be inserted until READY becomes 
asserted. This is true for the Nrad, Nrdd. Nwad. and Nwdd wait states. The 
NxDA wait states cannot be extended. 
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Table 2. 80960CF Pin Description--€xternal Bus Signals (Continued) 



Name 


Type 


Description 


BTERi\/l 


1 

S(L) 
H(Z) 
R(Z) 


BURST TERI^INATE— The burst terminate signal breaks up a burst access and 
causes another address cycle to occur. The BTERM Signal works in conjunction 
with the internally programmed wait-state generator. If READY and BTERM are 
enabled in a region, the BTERM pin is sampled after the programmed number of 
wait states has expired. When BTERM is asserted, a new ADS signal is generated 
and the access is completed. The READY input is ignored when BTERM is 
asserted. BTERM must be externally synchronized to satisfy the BTERM setup 
and hold times. 


WAIT 




s 

H(Z) 
R(1) 


WAIT Indicates Internal wait state generator status. WAIT is asserted when wait 
states are being caused by the internal wait state generator and not by the 
READY or BTERM inputs. WAIT can be used to derive a write-data strobe. WAIT 
can also be thought of as a READY output that the processor provides when it is 
inserting wait states. 


BLAST 




s 

H(Z) 
R(0) 


BURST LAST indicates the last transfer in a bus access. BLAST is asserted in the 
last data transfer of burst and non-burst accesses after the wait state counter 


reaches zero. BLAST remains asserted until the clock following the last cycle of 
the last data transfer of a bus access. If the READY or BTERM input is used to 
extend wait states, the BLAST signal remains asserted until READY or BTERM 
terminates the access. 


DT/R 




s 

H(Z) 
R(0) 


DATA TRANSIVIIT/RECEIVE indicates direction for data transceivers. DT/R is 
used in conjunction with DEN to provide control for data transceivers attached to 
the external bus. When DT/R is asserted, the signal indicates that the processor 
receives data. Conversely, when deasserted, the processor sends data. DT/R 
changes only while DEN is high. 


DEN 




s 

H(Z) 
R(1) 


DATA ENABLE indicates data cycles in a bus request. DEN is asserted at the 
start of the bus request first data cycle and is deasserted at the end of the last 
data cycle. DEN is used in conjunction with DT/R to provide control for data 
transceivers attached to the external bus. DEN remains asserted for sequential 
reads from pipelined memory regions. DEN is deasserted when DT/R changes. 


LOCK 




s 

H(Z) 
R(1) 


BUS LOCK indicates that an atomic read-modify-write operation is in progress. 
LOCK may be used to prevent external agents from accessing memory which is 
currently involved in an atomic operation. LOCK is asserted In the first clock of an 
atomic operation, and deasserted in the clock cycle following the last bus access 
for the atomic operation. To allow the most flexibility for a memory system 
enforcement of locked accesses, the processor acknowledges a bus hold request 
when LOCK is asserted. The processor performs DMA transfers while LOCK is 
active. 


HOLD 


S(L) 
H(Z) 
R(Z) 


HOLD REQUEST signals that an external agent requests access to the external 
bus. The processor asserts HOLDA after completing the current bus request. 
HOLD, HOLDA and BREQ are used together to arbitrate access to the 
processor's external bus by external bus agents. 


BOFF 


1 
S(L) 
H(Z) 
R(Z) 


BUS BACKOFF —The backoff pin, when asserted, suspends the current access 
and causes the bus pins to float. When deasserted, the ADS signal is asserted on 
the next clock cycle and the access Is resumed. 
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Table 2. 80960CF Pin Description— External Bus Signals (Continued) 



Name 


Type 


Description 


HOLDA 




S 
H(1) 
R(Q) 


HOLD ACKNOWLEDGE indicates to a bus requestor that the processor has 
relinquished control of the external bus. When HOLDA is asserted, the external 
address bus, data bus and bus control signals; are floated. HOLD, BOFF, HOLDA 
and BREO ai'e used together to arbitrate access to the processor's external bus 
by external bus agents. Since the processor grants HOLD requests and enters the 
Hold Acknowledge state even while RESET is asserted, HOLDA pin state is 
independent of the RESET pin. 


BREQ 




s 

H(Q) 
R(0) 


BUS REQUEST is asserted when the bus controller has a request pending. BREQ 
can be used by external bus arbitration logic in conjunction with HOLD and 
HOLDA to determine when to return mastership of the external bus to the 
processor. 


D/C 




s 

H(Z) 
R(Z) 


DATA OR CODE is asserted for a data request and deasserted for instruction 
requests. D/C has the same timing as W/R. 


DMA 




s 

H(Z) 
R(Z) 


DI\/IA ACCESS indicates whether the bus request was initiated by the DMA 
controller. DMA is asserted for any DMA request. DMA is deasserted for all other 
requests. 


SUP 




s 

H(Z) 
R(Z) 


SUPERVISOR ACCESS indicates whether the bus request is issued while in 
supervisor mode. SUP is asserted when the request has supervisor privileges, and 
is deasserted othenvise. SUP can be used to Isolate supervisor code and data 
structures from non-supervisor requests. 



Table 3. 80960CF Pin Description-— Processor Control Signals 



Name 


Type 


Description 


RESET 


1 

A(L) 
H(Z) 
R(Z) 
N(Z) 


RESET causes the chip to reset. When RESET Is asserted, all external signals return 
to the reset state. When RESET is deasserted, initialization begins. When the 2-x clock 
mode is selected, RESET must remain asserted for 16 PCLK2:1 cycles before being 
deasserted In order to guarantee correct processor initialization. When the 1 -x clock 


mode is selected, RESET must remain asserted for 10,000 PCLK2:1 cycles before 
being deasserted in order to guarantee correct initialization. The CLKMODE pin 
selects 1 -X or 2-x input clock division of the CLKIN pin. 

The processor's Hold Acknowledge bus state functions while the chip is reset. If the 
processor's bus is in the Hold Acknowledge state when RESET is asserted, the 
processor will internally reset, but maintains the Hold Acknowledge state on external 
pins until the Hold request is removed. If a hold request is made while the processor is 
in the reset state, the processor bus grants HOLDA and enters the Hold Acknowledge 
state. 


FAIL 




S 
H(Q) 
R(0) 


FAIL Indicates failure of the processor's self-test performed at Initialization. When 
RESET is deasserted and the processor begins initlaiizatron, the FAIL pin is asserted. 
An internal self-test is performed as part of the initialization process. If this self-test 
passes, the FAIL pin is deasserted othenA^ise it remains asserted. The FAIL pin is 
reasserted while the processor performs an external bus self-confidence test. If this 
self-test passes, the processor deasserts the FAIL pin and branches to the user's 
initialization routine; otherwise the FAIL pin remains asserted. Internal self-test and the 
use of the FAIL pin can be disabled with the STEST pin. x 
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Table 3. 80960CF Pin Description— Processor Control Signals (Continued) 



Name 


Type 


Description 


STEST 


i 
S(L) 
H(Z) 
R(2) 


SELF TEST causes the [processor's internal self-test feature to be enabled or 
disabled at initialization. STEST is read on the rising edge of RESET. When asserted, 
the processor's Internal self-test and external bus confidence tests are performed 
during processor initialization. When deasserted, only the external bus confidence 
tests are performed during initialization. 


ONCE 


1 

A(L) 
H(Z) 
R(Z) 


ON CIRCUIT EMULATION causes all outputs to be floated when asserted. ONCE is 
continuously sampled while RESET is low, and is latched on the rising edge of 
RESET. To place the processor in the ONCE state: 

(1 ) assert RESET and ONCE (order does not matter) 

(2) wait for at least 1 6 CLKIN periods in 2-x mode, or 1 0,000 CLKIN periods In 1 -x 
mode, after Vcc and CLKIN are within operating specifications 

(3) deassert RESET 

(4) wait at least 32 CLKIN periods 

(The processor Is now latched in the ONCE state as long as RESET is high.) 

To exit the ONCE state, bring Vqc and CLKIN to operating conditions, then assert 
RESET and bring ONCE high prior to deasserting RESCT. 

CLKIN must operate within the specified operating conditions of the processor until 
step 4 above is completed. The CLKIN may then be changed to DC to achieve the 
lowest possible ONCE mode leakage current. 

ONCE can be used by emulator products or for board testers to effectively make an 
installed processor transparent in the board. 


CLKIN 


1 

A(E) 
H(Z) 
R(Z) 


CLOCK INPUT is an input for the external clock needed to run the processor. The 
external clock is internally divided as prescribed by the CLKMODE pin to produce 
PCLK2:1. 


CLKI\/rODE 


1 
A(L) 
H(Z) 
R(Z) 


CLOCK MODE selects the division factor applied to the external clock input (CLKIN). 
When CLKMODE is high, CLKIN Is divided by one to create PCLK2:1 and the 
processor's internal clock. When CLKMODE is low, CLKIN is divided by two to create 
PCLK2:1 and the processor's internal clock. CLKMODE should be tied high or low in 
a system, as the clock mode is not latched by the processor. If left unconnected, the 
processor internally pulls the CLKMODE pin low, enabling the 2-x clock mode. 


PCLK2 
PCLK1 




s 

H(Q) 
R(Q) 


PROCESSOR OUTPUT CLOCKS provide a timing reference for all inputs and 
outputs of the processor. All inputs and output timings are specified in relation to 
PCLK2 and PCLK1. PCLK2 and PCLK1 are Identical signals. Two output pins are 
provided to allow flexibility in the system's allocation of capacitive loading on the 
clock. PCLK2:1 may also be connected at the processor to form a single clock signal. 


Vss 


— 


GROUND connections consist of 24 pins which must be connected externally to a 
Vss board plane. 


Vcc 


— 


POWER connections consist of 24 pins which must be connected externally to a Vcc 
board plane. 


VcCPLL 


■"■ 


VccPLL 's a separate Vcc supply pin for the phase lock loop used in 1x clock mode. 
Connecting a simple low pass filter to Vccpll ^^V h6lp reduce clock jitter (Tcp) in 
noisy environments. Othen^^ise, Vccpll should be connected to Vcc- 


N/C 


— 


NO CONNECT pins must not be connected In a system. 



1-274 



g 



Intel 



80960CF-33, -25, -16 



Table 4. 80960CF Pin Description^DMA and Interrupt Unit Control Signals 



Name 


Type 


Description 


bREQ3 

bREQl 
DREdO 


1 
A(L) 
H(Z) 
R(Z) 


DMA REQUEST causes a DMA transfer to be requested. Each of the four signals 


request a transfer on a single channel. DREOO requests channel 0, DREOi requests 
channel 1 , etc. When two or more channels are requested simultaneously, the 
channel with the highest priority is serviced first. Channel priority mode is 
programmable. 


DACK3 
DACK2 
bACKI 
bA6K0 




s 

H(1) 
R(1) 


DMA ACKNOWLEDGE indicates that a DMA transfer is being executed. Each of the 
four signals acknowledge a transfer for a single channel. DACKO acknowledges 


channel 0, DACK1 acknowledges channel 1 , etc. DACK3:0 are asserted when the 
requesting device of a DMA is accessed. 


EdP3/TC3 
E6F2/TC2 
E(JP1/TC1 
EOPO/TCO 


I/O 

A(L) 

H(Z/Q) 

R(Z) 


END OF PROCESS/TERMINAL COUNT can be programmed as either an input 
(EOP3:0) or as an output (TC3:0), but not both. Each pin is individually 
programmable. When programmed as an input, EOPx causes the termination of a 
current DMA transfer for the channel corresponding to the EOPx pin. EOPO 
corresponds to channel 0, E0P1 corresponds to channel 1 , etc. When a channel is 
configured for source aA7c/ destination chaining, the EOP pin for that channel causes 
termination of only the current buffer transferred and causes the next buffer to be 
transferred. EOP3:0 are asynchronous inputs. 

When programmed as an output, the channel's TCx pin indicates that the channel 
byte count has reached and a DMA has terminated. TCx is driven with the same 


timing as DACKx during the last DMA transfer for a buffer. If the last bus request is 
executed as multiple bus accesses, iCx remains asserted for the entire bus request. 


25 2£ ^1 ^ 2 ^1 ^ 25 


1 

A(E/L) 
H(Z) 
R(Z) 


EXTERNAL INTERRUPT PINS cause interrupts to be requested. These pins can be 
configured in three modes. 

in Dedicated Mode, each pin is a dedicated external interrupt source. Dedicated 
inputs can be individually programmed to be level (low) or edge (falling) activated. 
In Expanded Mode, the 8 pins act together as an 8-bit vectored interrupt source. The 
interrupt pins in this mode are level activated. Since the interrupt pins are active low, 
the vector number requested is the one's complement of the positive logic value 
place on the port. This eliminates glue logic to interface to combinational priority 
encoders which output negative logic. 


In Mixed Mode, XINT7:5 are dedicated sources and XINT4:0 act as the 5 most 
significant bits of an expanded mode vector. The least significant bits are set to 010 
internally. 


NMI 


1 

A(E) 
H(Z) 
R(Z) 


NON-MASKABLE INTERRUPT causes a non-maskable interrupt event to occur. 
NMI is the highest priority interrupt recognized. NMI is an edge (falling) activated 
source. 




AEJmiM©! DMIF@[^R«1A¥0©M 



1-275 



B0960CF-33,-25,-16 



3.3. 80960CF Pinout 



3.3.1 80960CF PGA PINOUT 

Tables 5 and 6 list the 80960CF pin names with 
package location. Figure 4-a depicts the complete 



Intel 



80960CF pinout as viewed from the top side of the 
component (I.e., pins facing down). Figure 4b shows 
the complete 80960CF pinout as viewed from the 
pin-side of the package (i.e., pins facing up). See 
Section 4.0, Electrical Specifications for specifica- 
tions and recommended connections. 







Table 5. 


PGA Pin Name with Package Location (Signal Order) 






Address Bus 


Data Bus 


Bus Control 


Processor Control 


I/O 


Name . 


. Location 


Name . 


. Location 


Name . . 


Location 


Name — Location 


Name . . Location 


A31 .. 


S15 


D31 . . . 


R03 


BE3... 


....S05 


RESET ..A16 


PRE03... 


..A07 


A30 . . . 


Q13 


D30 . . . 


Q05 


BE2... 


. . . .S06 




DREd2.,. 


..B06 


A29.. 


R14 


D29.. 


802 


BET... 


....S07 


FAIL A02 


DREdl;.. 


..A06 


A28 . . . 


Q14 


D28 . . . 


Q04 


BEO.... 


....R09 




DREQO..: 


..B05 


A27 .. 


S16 


D27 . . . 


R02 




STEST........B02 




A26 . . . 


R15 


D26 . . . 


Q03 


W/R .. 


....S10 




DACK3... 


..A10 


A25 .. 


S17 


D25.. 


SOI 




ONCE G03 


DACK2... 


.A09 


A24 . . . 


Q15 


D24 . . . 


R01 


ADS ... 


....R06 




DACK1 ... 


..A08 


A23 . . . 


R16 


D23 . . . 


Q02 




CKLIN C13 


DACKO . . . 


..B08 


A22 . . . 


.....R17 


D22 .. 


P03 


READY 


....S03 


CLKMODE ....C14 




A21 . . . 


Q16 


D21 . . . 


Q01 


BTERM. 


....R04 


PCLK1. B14 


EOP/TCO . 


.All 


. A20 . . 


P15 


D20 .. 


P02 




PCLK2 B13 


EOP/TCI . 


..A12 


A19 .. 


P16 


D19 .. 


P01 


WAIT.,. 


....S12 




E0P/TC2 . 


..A13 


A18... 


Q17 


D18... 


N02 


BtAST 


....S08 


Vss 


E0P/TC3 . 


.A14 


A17 .. 


P17 


D17... 


N01 




Location 




A16... 


..,..N16 


D16... 


M01 


DT/R.. 


....S11 


C07, COS, C09, 
C10,C11,C12. 
F15,G03,G15, 
H03.H15,J03, 
J15,K03, K15, 
L03, L16,M03. 
Ml 5, 007,008, 
009,010,011 


YMrf ..., 


.C17 


A15... 


N17 


D15 .. 


L01 


DEN .. 


.,..S09 


XINT6.... 


.C16 


A14... 


M17 


D14 ., 


L02 




XINT5.... 


.B17 


A13 .. 


L16 


D13... 


KOI 


LOQK . 


....S14 


XINT4 .... 


.CIS 


A12 .. 


117 


D12 .. 


J01 




XINT3.... 


.B16 




A11 .. 


K17 


D11 ... 


.....H01 


HOLD . . 


....R05 


XINT2 .... 


.A17 


A10 .. 


...:.. J17 


D10... 


H02 


HOLDA 


. . . .S04 


Vcc 


XINT1 .... 


.A1S 




A9 . . . . 


H17 


D9 . . . . 


G01 


BREQ . . 


....R13 


Location 


XINTO.... 


.BIS 


A8 . . . . 


G17 


D8 ... 


F01 




B07. B09, 
B11,B12,C06, 
E15,F03,F16. 
G02,H16,J02, 
J16,K02,K16,M02, 
M16,N03,N15, 
O06, R07, R08, 
RIO, R11 




A7 . . . . 


G16 


D7 . . . . 


E01 


D/C . . . 


....S13 


NMI 


.D1S 


A6 ... 


.....F17 


D6 ... 


F02 


DMA . . . 


....R12 




A5 ... 


E17 


D5 . . . . 


D01 


SUP . . . 


....Q12 




A4 ... 


E16 


D4 . . . . 


E02 






VCCPLL BIO 


A3 ... . 


D17 


D3 . . . . 


C01 


BOFF . 


....B01 


No Connect 




A2 . . . . 


D16 


D2 . . . . 


D02 




Location 






D1 .... 


C02 




A01,A03,A04,A05, 
B03, B04, C04, COS, 
D03 






DO ... 


E03 
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Table 6. PGA Pin Name with Paclcage Location (Pin Order) 



Address Bus 


Data Bus 


Bus Control 


Processor Control 


I/O 


Location ..Name 


Location 


..Name 


Location . 


.Name 


Location . . 


..Name 


Location 


..Name 


A01 . 


NC 


C01 . . . . 


....D3 


G01 


....D9 


M01 


....D16 


R01 . . . . 


....D24 


A02 . 


......FAIL 


C02 . . . . 


....D1 


G02 


...Vcc 


M02 


....Vcc 


R02 . . . . 


....D27 


A03. 


NC 


C03 


.ONCE 


G03 


...Vss 


M03 


....Vss 


R03 . . . . 


....D31 


A04. 


NC 


C04 


....NC 


G15 


...Vss 


M15 


....Vss 


R04.... 


.BTERM 


A05. 


NC 


C05 


....NC 


G16 


....A7 


M16 


....Vcc 


R05 . . . . 


..HOLD 


A06. 


...DREQ1 


C06 


...Vcc 


G17 


....A8 


M17 


....A14 


R06 ... 


....ADS 


A07. 


...DRE03 


C07 . . . . 


. . Vss 






R07 . . . . 


....Vcc 


A08. 


....DACK1 


COS ... . 


. . .Vss 


HOI 


...D11 


N01 


....D17 


R08 . . . . 


....Vcc 


A09. 


....DACK2 


C09 . . . . 


...Vss 


H02 


...D10 


N02 


....D18 


R09 . . . . 


....8E0 


A10. 


....DACK3 


CIO .... 


...Vss 


H03 


...Vss 


N03 


....Vcc 


RIO.... 


....Vcc 


A11 . 


.EOP/TCO 


C11 .... 


...Vss 


H15 


...Vss 


N15 


....Vcc 


R11 .... 


....Vcc 


A12. 


.EOP/TCl 


C12.... 


...Vss 


H16 


...Vcc 


N16 


....A16 


R12 .... 


...DMA 


A13. 


.E0P/TC2 


C13 


.CLKIN 


H17 


....A9 


N17 


....A15 


R13.... 


..8REQ 


A14. 


.E0P/TC3 


C14..CLKM0DE 






R14.... 


....A29 


A15. 


XINT1 


C15.... 


.XINT4 


J01 


...D12 


P01 


....D19 


R15 .... 


....A26 


A16 . 


....RESET 


C16.... 


.XINT6 


J02 


...Vcc 


P02 


....D20 


R16.... 


....A23 


A17. 


XINT2 


C17.... 


.)(INT7 


J03 


...Vss 


P03 


....D22 


R17.... 


. . . .A22 






J15 


...Vss 


P15 


....A20 


1 


B01 . 


80FF 


D01 . . . . 


....D5 


J16 


...Vcc 


P16 


....A19 


SOI ... . 


....D25 


B02 . 


....STEST 


D02 . . . . 


....D2 


J17 


...A10 


P17 


....A17 


S02 . . . . 


....D29 


B03. 


NC 


D03 


....NC 






S03 . . . . 


.READY 


804. 


NC 


D15 


...NMI 


KOI 


...D13 


Q01...... 


....D21 


S04 . . . . 


.HOLDA 


805. 


...DREdO 


D16 .... 


....A2 


K02 


...Vcc 


Q02 


....D23 


S05 . . . . 


....8E3 


806. 


...DREQ2 


D17.... 


. . . ,A3 


K03 


...Vss 


Q03 


....D26 


S06 . . . . 


....BE2 


807. 


Vcc 




K15 


...Vss 


Q04 


....D28 


S07 . . . . 


....BET 


808. 


....DACKO 


E01 .... 


....D7 


K16 


...Vcc 


Q05 


....D30 


S08 .... 


.8LAST 


809. 


Vcc 


E02 . . . . 


....D4 


K17 


...All 


Q06 


....Vcc 


S09 ... 


...DEN 


810. 


••••VcCPLL 


E03 . . . . 


....DO 




Q07 


....Vss 


S10 .... 


. . .W/R 


811 . 


Vcc 


E15 


...Vcc 


L01 


...D15 


Q08 


....Vss 


S11.... 


..DT/R 


812. 


Vcc 


E16 .... 


....A4 


L02 


...D14 


Q09 


....Vss 


S12.... 


...WAIT 


813 . 


....PCLK2 


E17 .... 


....A5 


L03 


...Vss 


Q10 


....Vss 


S13.... 


....D/C 


814 . 


....PCLK1 




L15 


...Vss 


Q11 


...Vss 


S14 .... 


..LOCK 


815. 


XINTO 


F01 .... 


....D8 


L16 


...A13 


Q12 


....SUP 


S15 .... 


....A31 


816. 


XINT3 


F02 . . . . 


....D6 


L17 


...A12 


Q13 


....A30 


S16 .... 


....A27 


817. 


XINT5 


F03 


...Vcc 




Q14 


....A28 


S17 .... 


. . . .A25 




F15 .... 


...Vss 




Q15 


....A24 






F16 


...Vcc 




Q16 


....A21 






F17 .... 


....A6 




Q17 


....A18 
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Figure 4a. 80960CF PGA Pinout (View from Top Side) 
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Figure 4b. 80960CF PGA PInout (View from Bottom Side) 
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3.3.2 80960CF PQFP Pinout 
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Tables 7 and 8 list the 80960CF pin names with 
package location. 



See Section 4.0, Electrical Specifications for 

specifications and recommended connections. 







Table 7. PQFP Pin Name with Pacloge Location (Signal Order) 






Address Bus 


Data Bus 


Bus Control 


Processor Control 


I/O 


Name \ 


. Location 


Name . 


. Location 


Name . . 


Location 


Name Location 


Name . . Location 


A31 .. 


153 


D31 .. 


186 


BE3 ... 


176 


RESET 091 


DREQ3 . . . 


..060 


A30 .'. 


152 


D30 .. 


187 


BE2 ... 


175 




DREQ2 . . . 


..059 


A29 .. 


151 


D29 .. 


188 


BE1 ... 


172 


FAIL 045 


DREQ1 . . . 


..058 


A28 .. 


145 


D28 .. 


189 


BEO . . . 


170 




DREQO... 


..057 


A27 .. 


144 


D27 .. 


191 




STEST 046 




A26 .. 


143 


D26 .. 


192 


W/R... 


164 




DACK3 . . . 


..065 


A25 .. 


142 


D25 .. 


194 




ONCE 043 


DACK2 . . . 


..064 


A24 .. 


141 


D24 .. 


195 


ADS... 


178 




DACK1 ... 


..063 


A23 .. 


139 


D23 .. 


003 




CLKIN 087 


DACKO . . . 


..062 


A22 .. 


138 


D22 .. 


004 


READY 


182 


CLKMODE 085 




A21 .. 


137 


D21 .. 


005 


BTERM 


184 


PCLK1 078 


E0P/TC3 . 


..069 


A20 .. 


136 


D20 .. 


006 




PCLK2 074 


E0P/TC2 . 


..068 


A19 .. 


134 


D19 .. 


008 


WAIT . . 


162 




E0P/TC1 . 


..067 


A18 .. 


133 


D18 . . 


009 


BLAST. 


169 


Vss 


EOP/TCO . 


..066 


A17 .. 


132 


D17 .. 


010 




Location 




A16 .. 


130 


D16 .. 


Oil 


DT/R . . 


163 


2,7,16,24,30,38, 

39, 49, 56, 70, 75, 

77,81,83,88,89, 

92,98,105,109,110, 

121,125,131,135, 

147,150,161.165, 

173,174,185,196 


XINT7.... 


..107 


A15 .. 


129 


D15 .. 


013 


DEN... 


167 


XINT6.... 


..106 


A14 .. 


128 


D14 .. 


014 




XINT5 .... 


..102 


A13 .. 


......124 


D13 .. 


015 


LOCK . 


156 


XINT4.... 


..101 


A12 .. 


123 


D12 .. 


017 




XINT3 .... 


..100 


A11 .. 


122 


D11 .. 


018 


HOLD . 


181 




..095 


XINT2 .... 


A10 .. 


120 


D10 .. 


019 


HOLDA 


179 


Vcc 


XINT1 .... 


..094 


A9 ... 


119 


D9 ... 


021 


BREQ . 


155 


Location 


XINTO.... 


..093 


A8 ... 


118 


D8 ... 


022 




1,12.20,28,32,37,44, 

50,61,71,79,82,96, 

99,103,115,127,140, 

148.154,168,171.180, 

190 




A7 ... 


117 


D7 ... 


023 


D/C . . . 


159 


NMI 


..108 


A6 ... 


116 


D6 ... 


025 


DMA .. 


160 




A5 ... 


114 


D5 ... 


026 


SUP... 


158 




A4 ... 


113 


D4 ... 


027 




VCCPLL 72 




A3 ... 


112 


D3 ... 


033 


BOFF.. 


040 


No Connect 




A2 ... 


Ill 


D2 ... 


034 




Location 




■ 


D1 ... 


035 




29,31,41,42,47, 

48,51,52,53, 

54,55,73,76, 

80, 84. 86. 90. 97, 

104,126,146.149.157. 

166,177,183,193 






DO ... 


......036 
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Pin 


Signal 


1 


Vcc 


2 


VSS 


3 


D23 


4 


D22 


5 


D21 


6 


D20 


7 


Vss 


8 


D19 


9 


D18 


10 


D17 


11 


D16 


12 


Vcc 


13 


D15 


14 


D14 


15 


D13 


16 


Vss 


17 


D12 


18 


D11 


19 


D10 


20 


Vcc 


21 


D9 


22 


D8 


23 


D7 


24 


Vss 


25 


D6 


26 


D5 


27 


D4 


28 


Vcc 


29 


NC 


30 


Vss 


31 


NC 


32 


Vcc 


33 


D3 


34 


D2 


35 


D1 


36 


DO 


37 


Vcc 


38 


Vss 


39 


Vss 


40 


BOFF 


41 


NC 


42 


NC 


43 


ONCE 


44 


Vcc 


45 


FAIL 


46 


STEST 


47 


NC 


48 


NC 


49 


Vss 



Table 8, PQFP Pin Name with Package Location (Pin Order) 



Pin 


Signal 


50 


Vcc 


51 


NC 


52 


NC 


53 


NC 


54 


NC 


55 


NC 


56 


Vss 


57 


DREQO 


58 


DrtEQi 


59 


DREQ2 


60 


DREQ3 


61 


Vcc 


62 


DACKO 


63 


DACK1 


64 


DACK2 


65 


DACK3 


66 


EOPO/TCO 


67 


ESpT/TCT 


68 


EOP2/TC2 


69 


EOP3/T53 


70 


Vss 


71 


Vcc 


72 


VCCPLL 


73 


NC 


74 


PCLK2 


75 


Vss 


76 


NC 


77 


Vss 


78 


PCLK1 


79 


Vcc 


80 


NC 


81 


Vss 


82 


Vcc 


83 


Vss 


84 


NC 


85 


CLKMODE 


86 


NC 


87 


CLKIN 


88 


Vss 


89 


Vss 


90 


NC 


91 


RESET 


92 


Vss 


93 


XINTO 


94 


XINT1 


95 


XINT2 


96 


Vcc 


97 


NC 


98 


Vss 



Pin 


Signal 


99 


Vcc 


100 


XINT3 


101 


XINT4 


102 


XINT5 


103 


Vcc 


104 


NC 


105 


Vss 


106 


XINT6 


107 


XINT7 


108 


NMI 


109 


Vss 


110 


Vss 


111 


A2 


112 


A3 


113 


A4 


114 


A5 


115 


Vcc 


116 


A6 


117 


A7 


118 


A8 


119 


A9 


120 


A10 


121 


Vss 


122 


All 


123 


A12 


124 


A13 


125 


Vss 


126 


NC 


127 


Vcc 


128 


A14 


129 


A15 


130 


A16 


131 


Vss 


132 


A17 


133 


A18 


134 


A19 


135 


Vss 


136 


A20 


137 


A21 


138 


A22 


139 


A23 


140 


Vcc 


141 


A24 


142 


A25 


143 


A26 


144 


A27 


145 


A28 


146 


NC 


147 


Vss 



Pin 


Signal 


. 148 


Vcc 


149 


NC 


150 


Vss 


151 


A29 


152 


A30 


153 


A31 


154 


Vcc 


155 


BREQ 


156 


LOCK 


157 


NC 


158 


SUP 


159 


D/C 


160 


DMA 


161 


Vss 


162 


WAIT 


163 


DT/R 


164 


W/R 


165 


Vss 


166 


NC 


167 


DEN V 


168 


Vcc 


169 


BLAST 


170 


BEO 


171 


Vcc 


172 


BE1 


173 


Vss 


174 


Vss 


175 


BE2 


176 


BE3 


177 


NC 


178 


ADS 


179 


HOLDA 


180 


Vcc 


181 


HOLD 


182 


READY 


183 


NC 


184 - 


BTERM 


185 


Vss 


186 


D31 


187 


D30 


188 


D29 


189 


D28 


190 


Vcc 


191 


D27 


192 


D26 


193 


NC 


194 


D25 


195 


D24 


196 


Vss 
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Figure 4c. 80960CF PQFP Pinout (View from Top Side) 
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3.4. Mechanical Data 



3.4.1 CERAMIC PGA PACKAGE 



PIN C3 




Si-^ 



® (2) ® 

® ® ® 

® (o) 



® ® © © 
® © ® ® 
® ® ® ® 



® 


- 




® 






® 


^ , 




® 






® 
® 


i \ 




® 






® 

(5) 


V y 




® 






® 







® ® 
® ® ® 
® ® ® 



® ® ® ® 
® ® ® ® 
® ® ® ® 



®®®®®®®® 
®®®®®®®® 
®®®®®©®® 
® ® ® 
® ® ® 
® ® ® 
® ® ® 
® ® ® 
® ® ® 
® ® ® 
® ® ® 
® ® ® 
® ® ® 
® ® ® 
© ® ® 
®^ ® 
® ®v® 



® ® © ® ® 
© © © © © 
© © © © © 



r 

2.29 . 

1.52"^ 

45° CHAMFER 

(INDEX CORNER) 



SEATING 
PLANE " 



"3 - 



rREF. 



SWAGGED • 

PIN 

(4 PL) 



A 



BASE I* 
PLANE 



SEATING__^ 
PLANE 
\ (ALL PINS) 

rzczzz 



SWAGGED 

PIN 

DETAIL 
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Family: Ceramic Pin Grid Array Package 


Symbol 


Millimeters 


Inches 


IMin 


Max 


Notes 


Min 


Max 


Notes 


A 


3.56 


4.57 




0.140 


0.180 




Ai 


0.64 


1.14 


SOLID LID 


0.025 


0.045 


SOLID LID 


A2 


23 


0.30 


SOLID LID 


0.110 


0.140 


SOLID LID 


A3 


1.14 


1.40 




0.045 


0.055 




B 


0.43 


0.51 




0.017 


0.020 




D 


44.07 


44.83 




1.735 


1.765 




Di 


40.51 


40.77 




1.595 


1.605 




ei 


2.29 


2.79 




0.090 


0.110 




L 


2.54 


3.30 




0.100 


0.130 




N 


168 




168 




Si 


1.52 


2.54 




0.060 


0.100 




ISSUE 


IWS REVX 7/15/88 





Figure 5. 168-Lead Ceramic PGA Package Dimensions 
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Table 9. Ceramic PGA Package Dimension Symbois 



Letter or 
Symbol 


Description of Dimensions 


A 


Distance from seating plane to highest point of body 


Ai 


Distance between seating plane and base plane (lid) 


A2 


Distance from base plane to highest point of body 


A3 


Distance from seating plane to bottom of body 


B 


Diameter of terminal lead pin 


D 


Largest overall package dimension of length 


Di 


A body length dimension, outer lead center to outer lead center 


ei 


Linear spacing between true lead position centerlines 


L 


Distance from seating plane to end of lead 


Si 


Other body dimension, outer lead center to edge of body 



NOTES: 

1 . Controlling dinr^ension: millimeter. 

2. Dimension "ei" ("e") Is non-cumulative. 

3. Seating plane (standoff) is defined by P.C. board hole size: 0.0415-0.0430 inch. 

4. Dimensions "B", "Bi" and "C" are nominal. 

5. Details of Pin 1 identifier are optional. 
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3.4.2 PLASTIC QUAD FLAT PACKAGE 



mm (inch) 



E2 E El 




^|0.20 (.008)® |c|A(D-B(D|D(D| 



0^-1 r-BASE PLANE 
-Al 




^|0.20 (.008)@|c|A(D-B(D|D(D| 



^SEATING PLAN E 
£^ 1 0.10 (.004)1 
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Figure 6. Principal Dimensions and Data 



mm (inch) 



^ 0.25 (.010)@|C|A(1)-B(1)|D(D|A 



i 




JLI.002 MM/MM (IN/IN)|A-B| 
•^10.25 (.010)@|C|A(|)-B(g)|D®lA 



.002 MM/MM (IN/IN)|A-B| 
L 



3.81 (.150) MAX TYP 

T 



.SEE DETAIL M 



* h-l.*?! (.075) MAX TYP 



0.25 (.010)(M)|C|A(1)-B(D[D(D| 



.002 MM/MM (IN/IN) |dT 



3.25 (.010)(M)|C|A(i)-B(D|D(D|A 
.002 MM/MM (IN/IN) I Dl 
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Figure 7. i^oided Details 



mm (inch) 



1.32 (.052) H h- 
1.22 (.048) 




0.70 (.035) MIN. 



-D2- 



2.03 (.080) 
1.93 (.076) 
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Figure 8. Detail i\/l 
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-1 
1 


H0.635 <0.025)| 






/ 111 




rp=iK 1 


mm (inch) 


r 




1 


^SEE DETAIL L 
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r 











Figure 9. Terminal Detaiis 



mm (inch) 




272187-10 


|^|0.13 (.005)®|C|A®-B(D|D®|/A 


I 


— 0.41 (.016) ( I \ 

( i\' — "T 0'J-^ <-005) 


0.31 (.012) -H 
0.20 (.008) 


,, „,^, \=.^1U^ 


°^'^^ III L. T 


1010.20 (.008)® |C|A(D-B(D ID® |/8\ 8 DEG. 

DEG. 

Detail J Detail L 



Figure 10. Typical Lead 
Table 10. PQFP Package Dimension Symbols 



Symbol 


Description 


I^AIn 


Max 


MIn 


Max 


N 


Leadcount 


196 


196 


A 


Package Height 


0.160 


0.170 


4.06 


4.32 


A1 


Standoff 


0.020 


0.030 


0.51 


0.76 


D,E 


Terminal Dimension 


1.475 


1.485 


37.47 


37.72 


D1,E1 


Package Body 


1.347 


1.353 


34.21 


34.37 


D2.E2 


Bumper Distance 


1.497 


1.503 


38.02 


38.18 


D3,E3 


Lead Dimension 


1.200 REF 


30.48 REF 


D4, E4 


Foot Radius Location 


1.423 


1.437 


36.14 


36.49 


LI 


Foot Length 


0.020 


0.030 


0.51 


0.76 


Dimension INCH 


mm 



NOTES: 

1. All dimensions and tolerances conform to ANSI Y14.5M-1982. 

2. Datum plane -H- located at the mold parting line and coincident with the bottom of the lead where lead exits plastic body. 

3. Datums A-B and -D- to be determined where center leads exit plastic body at datum plane -H-. 

4. Controlling Dimension, Inch. 

5. Dimensions D1, D2, El and E2 are measured at the mold parting line. D1 and El do not include an allowable mold 
protrusion of 0.18 mm (0.007 in) per side. D2 and E2 do not include a total allowable mold protrusion of 0.18 mm (0.007 in) 
at maximum package size. 

6. Pin 1 identifier is located within one of the two zones Indicated. 

7. Measured at datum plane -H-. 

8. Measured at seating plane datum -C-. 
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3.5. Package Thermal Specifications 

The 80960CF is specified for operation when Tq 
(the case temperature) is within the range of C'C^ 
100*C. Tc may be measured in any environment to 
determine whether the 80960CF is within specified 
operating range. The case temperature is measured 
at the center of the top surface, opposite the pins. 
Refer to Figure 13. 

Ta (the ambient temperature) can be calculated 
from ^CA (thermal resistance from case to ambient) 
with the following equation: 

Ta = Tc - P*ecA 



80960CF-33,-25,-16 



Table 1 1 shows the maximum Ta allowable (without 
exceeding Tq) at various airflows and operating fre- 
quencies (fpCLK)- 

Note that Ta is greatly improved by attaching fins or 
a heat sink to the package. P (the maximum power 
consumption) Is calculated by using the typical Iqc 
as tabulated in Section 4.4, DC Specifications, and 
Vcc of 5V. 






Tabie 11. Maximum Ta at Various Airflows In X (PGA Package Only) 








Airf low-ft/min (m/sec] 






*PCLK 

(MHz) 



(0) 


200 
(1.01) 


400 
(2.03) 


600 
(3.04) 


800 
(4.06) 


1000 
(5.07) 


Ta 
with 
Heat Sink* 


33 
25 
16 


38 
50 
63 


57 
65 
74 


74 
79 
84 


76 
81 
86 


81 
85 
89 


84 
87 
90 


Ta 

without 
Heat Sink 


33 
25 
16 


18 
34 
51 


33 
46 
60 


47 
57 
68 


57 
65 
74 


66 
72 
80 


67 
74 
81 



*0.285" higii unidirectional heat sink (Al alloy 6061, 50 mil fin width, 150 mil center-to-center fin spacing). 



PGA Thermal Resistance— X/Watt 


Parameter 


Airf low— ft./min (m/sec) 



(0) 


200 
(1.01) 


400 
(2.03) 


600 
(3.07) 


800 
(4.06) 


1000 
(5.07) 


$ Junction-to-Case 

(Case Measured 

as shown in Figure 13) 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


e Case-to-Amblent 
(No Heatsink) 


17 


14 


11 


9 


7.1 


6.6 


6 Case-to-Amblent 
(with Unidirectional) 
Heatsink)* 


13 


9 


5.6 


5.0 


3.9 


3.4 






XX] 

®J cop 



DDO 



NOTES: 

1 . This table applies to 80960CF PGA plugged into socket or soldered directly 
into board. 

2. OjA = ^JC + ^CA- 

3. ^j-CAP = 4*C/W (approx.) 

^J-PIN = 4*C/W (Inner pins) (approx.) 
^J-PIN = 8'*C/W (outer pins) (approx.) 
* 0.285" high unidirectional heat sink (Al alloy 6061, 50 mil fin width, 150 mil 
center-to-center fin spacing). 



Figure 11. 80960CF PGA Package Thermal Characteristics 
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PQFP Thermal l^esistance-^X/Watt 


Parameter 


Airflow— ft./min (m/sec) 


6 
(0) 


50 
(0.25) 


100 
(0.50) 


200 
(1.01) 


400 
(2.03) 


600 
(3.04) 


800 
(4.06) 


Junctlon-to-Case 

(Case Measured) 

as shown in Figure 13) 


5 


5 


5 


5 


5 


5 


5 


$ Case-to-Ambient 
(No Heatsink) 


19 


18 


17 


15 


12 


10 


9 



NOTES: 

1. This table applies to 80960CF PQFP soldere(d directly into board. 

2. ^JA = ^JC + <?CA- 

3. ^jL = 18'C/Watt 
OjQ = 18'C/Watt 



/~Qjc 
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Figure 12. 80960CF PQFP Package Thermal Characteristics 



. MEASURE PGA CASE TEMPERATURE 
AT CENTER OF TOP SURFACE 




- MEASURE PQFP TEMPERATURE AT 
CENTER OF TOP SURFACE 



1 68 - PIN PGA 
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Pin 1 
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Figure 13. Measuring 80960CF PGA and PQFP Case Temperature 
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3.6 Stepping Register information 

Upon Reset, Register GO contains die stepping in- 
formation. The following figure shows how GO is 
configured. The most significant byte contains an 
ASCII 0. The upper middle byte contains an ASCII C. 
The lower middle byte contains an ASCII F. The 
least significant byte contains the stepping number 
in ASCII. GO retains this information until it is written 
over by the user program. 

Table 1 2 contains a cross reference of the number 
in the least significant byte of register GO to the die 
stepping number. 



ASCII 
DECIMAL 












00 


43 


46 


Stepping Number 







C 


F 


Stepping Number 


MSB 






LSB 





Figure 14. Register GO 
Table 12. Die Stepping Cross Reference 



GO Least 
Significant Byte 


Die Stepping 


01 


A 


02 


B 


03 


C 



3.7 Suggested Sources for 80960CF 
Accessories 

The following are some suggested sources of ac- 
cessories for the 80960CF. They are neither an 
endorsement of any kind, nor a warranty of the 
performance of any of the listed products and/or 
companies. 

Soclcets 

1. 3M Textool Test and Interconnection Products 
Department 

P.O. Box 2963 

Austin, TX 78769-2963 

2. Augat, Inc. 
Interconnection Products Group 
33 Perry Avenue 

P.O. Box 779 
Attleboro, MA 02703 
(508) 222-2202 

3. Concept Manufacturing Inc. 
(Decoupling Sockets) 
43024 Christy Street 
Fremont, CA 94538 
(415)651-3804 

Heat Sini(s/Flns 

1. Thermalloy, Inc. 

2021 West Valley View Lane 
Dallas, TX 75381-0839 
(214) 243-4321 

2. E G & G Division 
60 Audubon Road 
Wakefield, MA 01880 
(617)245-5900 
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4.0 ELECTRICAL SPECIFICATIONS 



4.1 Absolute Maximum Ratings 



Parameter 


Maximum Rating 


Storage Temperature 
Case Temperature Under Bias 
Supply Voltage wrt. Vss 
Voltage on Other pins wrt Vss 


-65'Cto+150»C 
-65°Cto+110'C 

- 0.5V to + 6.5V 
- 0.5V to Vcc+ 0.5V 



Intel 



NOTICE: This d^ta sheet contains Information on 
products in the sampling and Initial production phases 
of development. It is valid for the devices indicated in 
the revision history. The specifications are subject to 
change without notice. 



* WARNING: Stressing the device beyond tiie "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex- 
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 



4.2. Operating Conditions 

Operating Conditions (80960CF-33, -25, -16) 



Symboi 


Parameter 


iMin 


i\/lax 


Units 


Notes 


Vcc 


Supply Voltage 80960CF-33 

80960CF-25 
80960CF-16 


4.75 
4.50 
4.50 


5.25 
5.50 
5.50 


V 




fcLK2x 


Input Clock Frequency (2-x Mode) 80960CF-33 

80960CF-25 
80960CF-16 







66.66 
50 
32 


MHz 
MHz 
MHz 




fclKlx 


Input Clock Frequency (1 -x Mode) 80960CF-33 

80960CF-25 
80960CF-16 


8 
8 
8 


33.33, 
25 
16 


MHz 
MHz 
MHz 


(1) 


To 


Case Temperature Under Bias PGA Package 
80960CF-33, -25. -1 6 1 96-Pin PQFP 






100 
100 


•^c 





NOTE: 

(1) When in the 1-x input clock mode, CLKIN is an input to an internal phase-locked loop and must maintain a minimum 
frequency of 8 MHz for proper processor operation. However, in the 1-x Mode, CLKIN may still be stopped when the 
processor either Is in a reset condition or is reset. If CLKIN is stopped, the specified F^ESET low time must be provided once 
CLKIN restarts and has stabilized. 



4.3 Recommended Connections 

Power and ground connections must be made to 
multiple Vcc and Vss (GND) pins. Every 80960CF- 
based circuit board should include power (Vcc) and 
ground (Vss) planes for power distribution. Every 
Vcc pin "T^ust be connected to the power plane, and 
every Vss Pin must be connected to the ground 
plane. Pins identified as "N.C." must not be con- 
nected in the system. 

Liberal decoupling capacitance should be placed 
near the 80960CF. The processor can cause tran- 
sient power surges when its numerous output buff- 
ers transition, particularly when connected to large 
capacitive loads. 



Low inductance capacitors and interconnects are 
recommended for best high frequency electrical per- 
formance. Inductance can be reduced by shortening 
board traces between the processor and decoupling 
capacitors as much as possible. Capacitors specifi- 
cally designed for PGA packages will offer the low- 
est possible inductance. 

For reliable operation, always connect unused in- 
puts to an approp riate s ignal level. In p articula r, any 
unused interrupt (XINT. NMI) or DMA (DREQ) input 
should be con nected to Vcc through a pull-up resis- 
tor, as should BTERM if not used. Pull-up resistors 
should be in th e range of 20 KH for each pin tied 
high. If READY or HOLD are not used, the unused 
input should be connected to ground. N.C. pins 
must aiways remain unconnected. Refer to the 
i960 CA MicroproQessor Reference Manual \ox more 
information. 
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4.4. DC Specifications 

DC Characteristics 

(80960CF-33, -25, -16 under the conditions described in Section 4.2, Operating Conditions.) 



Symboi 


Parameter 


lUlin 


Max 


Units 


Notes 


V|L 


Input Low Voltage for all pins except l1£SEt 


-0.3 


0.8 


V 




V|H 


Input High Voltage for all pins except RESET 


2.0 


Vce + 0.3 


V 




Vol 


Output Low Voltage 




0.45 


V 


l0L= 5 mA 


VOH 


Output High Voltage Iqh = - 1 mA 
lOH = -200^iA 


2.4 
Vce - 0.5 




V 
V 




ViLR 


Input Low Voltage for RESET 


-0.3 


1.5 


V 




VlHR 


Input High Voltage for RESET 


3.5 


Vce + 0.3 


V 




Ilii 


Input Leakage Current for each pin except 
BTERM, ONCE. DREQ3:0. STEST. 




±15 


^A 


OV^ViN^Vccd) 


EOP3:0/TC3:0.NMI,XINT7:0. 
READY. HOLD. BOFF, CLKMODE 


•lI2 


Input Leakage Current for: 
BTERM. ONCE. DREQ3:0. STEST, 





-300 


f.A 


V|N = 0.45V (2) 


EOP3:0/TC3:0. NMI. XINT7:0, BOFF 


IlI3 


Input Leakage Current for: 
READY. HOLD. CLKMODE 





500 


ftA 


V,N = 2.4V(3) 


Ilo 


Output Leakage Current 




±15 


^A 


0.45V^VouT^Vcc 


Ice 


Supply Current (80960CF-33) 
Ice Max 
IccTyp 




1150 
960 


mA 


(4) 
(5) 


Ice 


Supply Current (80960CF-25) 
Ice Max 
IccTyp 




950 
775 


mA 


(4) 
(5) 


Ice 


Supply Current (80960CF-16) 
Ice Max 
IccTyp 




750 
575 


mA 


(4) 
(5) 


lONCE 


ONCE-mode Supply Current 




150 


mA 




C|N 


Input Capacitance for: 





12 


PF 


Fc = 1 MHz 


CLKIN, RESET, ONCE, 
READY. HOLD, DREQ3:0, BOFF 
XINT7:0. NMI, BTERM, CLKMODE 


COUT 


Output Capacitance of each output pin 




12 


PF 


Fc = 1 MHz, (6) 


C|/o 


I/O Pin Capacitance 




12 


pF 


Fc = 1 MHz 




NOTES: 

(1) No Pull-up or pull-down. 

(2) These pins have intemal pullup resistors. 

(3) These pins have internal pulldown resistors. 

(4) Measured at worst case frequency, Vqc and temperature, with device operating and outputs loaded to the test conditions 
described in Section 4.5.1, AC Test Conditions. 

(5) Iqc Typical is not tested. 

(6) Output Capacitance is the capacitive load of a flo ating o utput. 

(7) CLKMODE pin has a pulldown resistor only when ONCE pin is deasserted. 



/kmsim©m m¥©mmmm% 
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4.5 AC Specif ications 

AC Characteristics — 80960CF-33 

(80960CF-33 only, under the conditions described in Section 4.2, Operating Conditions and Section 4.5.1, 
AC Test Conditions.) 



Symbol Parameter 


l\Ain 


Max 


Units 


Notes 


INPUT CLOCK(lO) 


Tf 


CLKIN Frequency 





66.66 


MHz 


(1) 


Tc 


CLKIN Period In 1-x Mode (fcLKix) 
In 2-x Mode (fcLK2x) 


30 
15 


125 

00 


. ns 
ns 


(1.12) 
(1) 


Tcs 


CLKIN Period Stability In 1 -x Mode (fcLKix) 




±0.1% 


A 


(1.13) 


TCH 


CLKIN High Time In 1-x Mode (fcLKix) 
In 2-x Mode (fcLK2x) 


6 
6 


62.5 

00 


ns 
ns 


(1.12) 
(1) 


TCL 


CLKIN Low Time In 1 -x Mode (fcLKix) 
In 2-x Mode (fcLK2x) 


6 
6 


62.5 

00 


ns 
ns 


(1.12) 
(1) 


TCR 


CLKIN Rise Time 





6 


ns 


(1) 


TCF 


CLKIN Fall Time 





6 


ns 


(1) 


OUTPUT CLOCKS^) 


TCP 


CLKIN to PCLK2:1 Delay In 1 -x Mode (fcLKix) 
/ In 2-x Mode (fcLK2x) 


-2 
2 


2 
25 


ns 
ns 


(1.3,13,14) 
(1.3) 


T 


P/6lK2: 1 Period In 1 -x Mode (fcLKi x) 
/ In 2-x Mode (fcLK2x) 


Tc 
2Tc 


ns 
ns 


(1.13) 
(1.3) 


TpH 


/PCLK2:1 High Time 


(T/2) - 2 


T/2 


ns 


(1,13) 


TPL 


/ PCLK2:1 Low Time 


(T/2) - 2 


T/2 


ns 


(1.13) 


TPR / 


PCLK2:1 Rise Time 


1 


4 


ns 


(1.3) 


TpF ' 


PCLK2:1 Fall Time 


1 


4 


ns 


(1.3) 


SYNCHRONOUS OUTPUTSdO) 


Tqv 
TOH 


Output Valid Delay, Output Hold 
T0VI.T0HI A31:2 
T0V2. ToH2 BE3:0 
ToV3. ToH3 ADS 
ToV4.ToH4 W/R 
T0V5. ToH5 D/C, SUP, DMA 
T0V6. T0H6 BLAST, WAIT 
ToV7. ToH7 DEN 
T0V8. ToHB HOLDA, BREQ 
Tov9» ToH9 LOCK 
T0VIO.T0HIO DACK3:0 
T0VII.T0HII D31:0 
T0V12. T"oH12 DT/R 
T0V13.T0HI3 FAIL 
T0VI4. T0HI4 EOP3:0/TC3:0 


3 
3 
6 
3 
4 
5 
3 
4 
4 
4 
3 
T/2 + 3 
2 
3 


14 
16 
18 
18 
16 
16 
16 
16 
16 
18 
16 
T/2+ 14 
14 
18 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


(6.11) 
(6.11) 


TOF 


Output Float for all outputs 


3 


22 


ns 


(6) 


SYNCHRONOUS INPUTSdO) 


Tis 


Input Setup 

T|si D31:0 
T|S2 BOFF 
T,s3 BTERM/READY 
T|S4 HOLD 


3 

17 
7 
7 




ns 
ns 
ns 
ns 


(1.11) 
(1.11) 
(1,11) 
(1,11) 


T|H 


Input Hold 

T,H1 D31:0 
T|H2 BOhh 
T|H3 BTERM/READY 
T|H4 HOLD 


5 
5 
2 
3 




ns 
ns 
ns 
ns 


(1.11) 
(1.11) 
(1,11) 
(1.11) 
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AC Characteristics — 80960CF-33 

80960CF-33 only, under the conditions described in Section 4.2, Operating Conditions and Section 4.5.1, 
AC Test Conditions.) (Continued) 



Symbol 


Parameter 


Min 


Max 


Units 


Notes 


RELATIVE OUTPUT TIMINGS(9.7) 


Tavshi 


A31:2 Valid to AD§ Rising 


T-4 


T + 4 


ns 




TaVSH2 


BE3:0. W/R. SUP. D/C. 

DMA, DACK3:0 Valid to ADS Rising 


T-6 


T + 6 


ns 




Taveli 


A31:2 Valid to DEN Falling 


T-4 


T + 4 


ns 




TAVELa 


BE3:0, W/R, SUP, INST, 

DMA, DACK3:0 Valid to DEN Falling 


T-6 


T + 6 


ns 




Tnlqv 


WAIT Falling to Output Data Valid 


±6 


ns 




Tdvnh 


Output Data Valid to WAIT Rising 


N*T-6 


N*T + 6 


ns 


(4) 


Tnlnh 


WAIT Falling to WAIT Rising 


N*T±4 


ns 


(4) 


Tnhqx 


Output Data Hold after WAIT Rising 


(N + 1)*T-6 


(N + 1)*T + 6 


ns 


(5) 


Tehtv 


DT/R Hold atter DEN High 


T/2-6 


oo 


ns 


(6) 


Ttvel 


DT/R Valid to DEN Falling 


T/2-4 


T/2 + 4 


ns 


(7) 


RELATIVE INPUT TiMINGS(7) 


T|S5 


RESET Input Setup (2x Clock Mode) 


6 




ns 


(14) 


T|H5 


RESET Input Hold (2x Clock Mode) 


5 




ns 


(14) 


T|S6 


DREQ3:0 Input Setup 


12 




ns 


(8) 


T|H6 


DREQ3:0 Input Hold 


7 




ns 


(8) 


T|S7 


XINT7:0,NMI Input Setup 


7 




ns 


(8) 


T|H7 


XINT7:0,NMI Input Hold 


3 




ns 


(8) 


T|S8 


RESET Input Setup (1x Clock Mode) 


3 




ns 


(15) 


T|H8 


RESET Input Hold (1x Clock Mode) 


T/4+ 1 




ns 


(15) 




NOTES: 

(1) See Section 4.5.2, AC Timing Waveforms for waveforms and definitions. 

(2) See Figure 22 for capacitive derating information for output delays and hold times. 

(3) See Figure 23 for capacitive derating infoi;rnation for rise and fall times. 

(4) Where N is the number of Nrad. Nrdd. Nwad. or_NwDD wait states that are programmed in the Bus Controller Region 
Table. When there are no wait states in an a ccess, W AIT never goes active. 

(5) N = Number of wait states inserted with READY. 

(6) Output Data and/or DT/R may be driven indefinitely following a cycle if there is no subsequent bus activity. 

(7) See Notes 1, 2 and 3. 

(8) Since asynchronous inputs are synchronized internally by the 80960CF they have no required setup or hold times in 
order to be recognized and for proper operation. However, to guarantee recognition of the input at a particular edge of 
PCLK2:1 the setup times shown must be met. Asynchronous inputs must be active for at least two consecutive PCLK2:1 
rising edges to be seen by the processor. 

(9) These specifications are guaranteed by the processor. 

(10) These specifications must be met by the system for proper operation of the processor. 

(11) This timing is dependent upon the loading of PCLK2:1. Use the derating curves of Section 4.5.3 to adjust the timing for 
PCLK2:1 loading. 

(12) In the 1-x input clock mode, the maximum input clock period is limited to 125 ns while the processor is operating. When 
the processor is in reset, the input clock may stop even in 1-x mode. 

(13) When in the 1-x input clock mode, these specifications assume a stable input clock with a period variation of less than 
±0.1% between adjac ent cycle s. 

(14) In 2x clock mode, RESET is an asynchronous input which has no required setup an d hold t ime for proper operation. 
However, to guarantee the device exits reset synchronized to a particular clock edge, the RESET pin must meet setup and 
hold times to the falling edge of the CLKIN. (See Figure 28a.) 

(15) In 1x clock mode, RESET is an asynchronous input which has no required setup an d hold ti me for proper operation. 
However, to guarantee the device exits reset synchronized to a particular clock edge, the RESET pin must be deasserted 
while CLKIN is high and meet setup and hold times to the rising edge of the CLKIN. (See Figure 28b.) 
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AC Characteristics — 80960CF-25 

(80980CF-25 only, under the conditions described in Section 4.2, Operating Conditions and Section 4.5.1, 
AC Test Conditions.) 



Symbol 


Parameter 


mn 


IMax 


Units 


Notes 


INPUT CLOCK(lO) 


Tf 


CLKIN Frequency 





50 


MHz 


(1) 


Tc 


CLKIN Period In 1 -x Mode (fcLKix) 
In 2-x Mode (fcLK2x) 


40 
20 


125 

00 


ns 
ns 


(1.12) 
(1) 


TCS 


CLKIN Period Stability In 1 -x Mode (fcLKix) 




±0.1% 


A 


(1.13) 


TcH 


CLKIN High Time In 1 -x Mode (fcLKix) 
In 2-x Mode (fcLK2x) 


8 
8 


62.5 

00 


ns 
ns 


(1.12) 
(1) 


TCL 


CLKIN Low Time In 1 -x Mode (fcLKlx) 
In 2-x Mode (fcLK2x) 


8 
8 


62.5 

00 


ns 
ns 


(1.12) 
(1) 


TCR/ 


CLKIN Rise Time 





6 


ns 


(1) 


TcF 


CLKIN Fall Time 





6 


ns 


(1) 


OUTPUT CLOCKSO) 


TcP 


CLKIN to PCLK2:1 Delay In 1 -x Mode (fcLKix) 
In 2-x Mode (fcLK2x) 


-2 
2 


2 
25 


ns 
ns 


(1.3,13,14) 
(1.3) 


T 


PPLK2:1 Period In 1 -x Mode (fcLKix) 
In 2-x Mode (fcLK2x) 


Tc 
2Tc 


ns 
ns 


(1.13) 
(1.3) 


TpH 


PCLK2:1 High Time 


(T/2) - 3 


T/2 


ns 


(1.13) 


TPL 


PCLK2:1 Low Time 


(T/2) - 3 


T/2 


ns 


(1.13) 


TPR 


PCLK2:1 Rise Time 


1 


4 


ns 


(1.3) 


TPF 


PCLK2:1 Fall Time 


1 


4 


ns 


(1.3) 


SYNCHRONOUS OUTPUTSdO) 


Tov 
TOH 


Output Valid Delay, Output Hold 
T0VI.T0HI A31:2 
ToV2. ToH2 BE3:0 
T0V3. ToH3 ADS 
ToV4.ToH4 W/R 
T0V5. ToH5 D/C,§UP,DMA 
T0V6.T0H6 BLAST, WAIT 
ToV7. ToH7 DEN 
T0V8. T0H8 HOLDA, BREQ 
ToV9.ToH9 LOCK 
T0VIO.T0HIO DACK3:0 
T0VII.T0HII D31:0 
T0V12.Tqhi2 DT/R 
T0V13.T0HI3 FAIL 


3 
3 
6 
3 
4 

5 " 
3 
4 
4 
4 
3 
T/2 + 3 
2 
3 


16 
18 
20 
20 
18 
18 
18 
18 
18 
20 
18 
T/2 + 16 
16 
20 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


(6.11) 
(6.11) 


T0VI4.T0H14 EOP3:0/TC3:0 


TOF 


Output Float for all outputs 


3 


22 


ns 


(6) 


SYNCHRONOUS INPUTS(IO) 


T|S 


Input Setup 

Tisi D31:0 
T,s2 BOFF 
T|S3 BTERM/READY 
T|S4 HOLD 


5 

19 
9 
9 




ns 
ns 
ns 
ns 


(1.11) 
(1.11) 
(1.11) 
(1,11) 


T|H 


Input Hold 

T,H1 D31:0 
T,H2 BOFF 
T|H3 BTERM/READY 
T|H4 HOLD 


5 
7 
2 

5 


( 


ns 
ns 
ns 
ns 


(1.11) 
(1.11) 
(1.11) 
(1.11) 
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AC Characteristics — 80960CF-25 

(80960CF-25 only, under the conditions described in Section 4.2, Operating Conditions and Section 4.5.1, 
AC Test Conditions.) (Continued) 



Symboi 


Parameter 


Min 


Max 


Units Notes 


REI-ATiVE OUTPUT TIMINGS(9.7) 


Tavshi 


A31:2 Valid to 7^ Rising 


T-4 


T + 4 


ns 




TaVSH2 


BE3iO,W/RgDP,D/C. 

DMA, DACK3:0 Valid to ADS Rising 


T-6 


T + 6 


ns 




Taveli 


A31:2 Valid to bSN Falling 


T-4 


T + 4 


ns 




TaVEL2 


BE3i0, W/R, SUP, 1FI5T, 

DMA. DACk3:0 Valid to bEN Falling 


T-6 


T + 6 


ns 




Tnlqv 


WAIT Falling to Output Data Valid 


±6 


ns 




Tdvnh 


Output Data Valid to WAIT Rising 


N*T-6 


N*T + 6 


ns 


(4) 


Tnlnh 


WAIT Falling to WAIT Rising 


N*T± 4 


ns 


(4) 


Tnhqx 


Output Data Hold after WAIT Rising 


(N + 1)*T-6 


(N + 1)*T + 6 


ns 


(5) 


TeHTV 


DT/R Hold after D^N High 


T/2-6 


oo 


ns 


(6) 


Ttvel 


DT/R Valid to DgN Falling 


T/2-4 


T/2 + 4 


ns 


(7) 


REI^TIVE INPUT TIMiNGS(7) 


T|S5 


RESET Input Setup (2x Clock Mode 


8 




ns 


(14) 


T|H5 


RESET Input Hold (2x Clock Mode) 


7 




ns 


(14) 


T|S6 


DREQ3:0 Input Setup 


14 




ns 


(8) 


T|H6 


DREQ3:0 Input Hold 


9 




ns 


(8) 


T|S7 


XINT7:0,NMI Input Setup 


9 




ns 


(8) 


T|H7 


XINT7:0.NMI Input Hold 


5 




ns 


(8) 


T|S8 


RESET Input Setup (1x Clock Mode) 


3 




ns 


(15) 


T|H8 


RESET Input Hold (1x Clock Mode) 


T/4 + 1 




ns 


(15) 




NOTES: 

(1) See Section 4.5.2, AC Timing Waveforms for waveforms and definitions. 

(2) See Figure 22 for capacitive derating information for output delays and hold times. 

(3) See Figure 23 for capacitive derating information for rise and fall times. 

(4) Where N is the number of Nrad. Nrdd. Nwad. or Nw pp wait states that are programmed in the Bus Controller Region 
Table. When there are no wait states In an a ccess. W AIT never goes active. 

(5) N = Number of wait states inserted with READY. 

(6) Output Data and/or DT/R may be driven indefinitely following a cycle if there is no subsequent bus activity. 

(7) See Notes 1 , 2 and 3. 

(8) Since asynchronous Inputs are synchronized internally by the 80960CF they have no required setup or hold times In 
order to be recognized and for proper operation. However, to guarantee recognition of the input at a particular edge of 
PCLK2:1 the setup times shown must be met. Asynchronous inputs must be active for at least two consecutive PCLK2:1 
rising edges to be seen by the processor. 

(9) These specifications are guaranteed by the processor. 

(10) These specifications must be met by the system for proper operation of the processor. 

(11) This timing is dependent upon the loading of PCLK2:1. Use the derating ounces of Section 4.5.3 to adjust the timing for 
PCLK2:1 loading. 

(12) In the 1-x input clock mode, the maximum input clock period is limited to 125 ns while the processor is operating. When 
the processor Is in reset, the input clock may stop even in 1-x mode. 

(13) When in the 1-x input clock mode, these specifications assume a stable input clock with a period variation of less than 
±0.1% between adjac ent cycle s. 

(14) In 2x clock mode, RESET Is an asynchronous input which has no required setup an d hold t ime for proper operation. 
However, to guarantee the device exits reset synchronized to a particular clock edge, the RESET pin must meet setup and 
hold times to the falling edge of the CLKIN. (See Figure 28a.) 

(15) In 1x clock mode, RESET is an asynchronous input which has no required setup an d hold ti me for proper operation. 
However, to guarantee the device exits reset synchronized to a particular clock edge, the RESET pin must be deasserted 
while CLKIN is high and meet setup and hold times to the rising edge of the CLKIN. (See Figure 28b.) 
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AC Characteristics — 80960CF-16 

(80960CF-16 only, under the conditidns described In Section 4.2, Operating Conditions and Section 4.5.1, 
AC Test Conditions.) (Continued) 



Symbol 


Parameter 


i\4in 


Max 


Units 


Notes 


iNPUTCLOCK(iO) 


Tf 


CLKIN Frequency 





32 


MHz 


(1) 


Tc 


CLKIN Period In 1-x Mode (fcLKix) 
In 2-x Mode (fcLK2x) 


62.5 
31.25 


125 

00 


ns 
ns 


(1.12) 
(1) 


TCS 


CLKIN Period Stability^ In 1 -x Mode (fcLKix) 




±0.1% 


A 


(1.13) 


TCH 


CLKIN High Time In 1-x Mode (fcLKix) 
In 2-x Mode (fcLK2x) 


10 
10 


62.5 

00 


ns 
ns 


(1.12) 
(1) 


TCL 


CLKIN Low Time In 1 -x Mode (fcLKlx) 
In 2-x Mode (fcLK2x) 


10 
10 


62.5 

00 


ns 
ns 


(1.12) 
(1) 


TCR 


CLKIN Rise Time 





6 


ns 


(1) 


TCF 


CLKIN Fall Time 





6 


ns 


(1) 


OUTPUT CLOCKSO) 


TCP 


CLKIN to PCLK2:1 Delay In 1-x Mode (fcLKix) 
In 2-x Mode (fcLK2x) 


-2 
2 


2 
25 


ns 
ns 


(1,3,13,14) 
(1.3) 


T 


PCLK2:1 Period In 1 -x Mode (fcLKix) 
In 2-x Mode (fcLK2x) 


To 
2Tc 


ns 
ns 


(1.13) 
(1.3) 


TPH 


PCLK2:1 High Time 


(T/2) - 4 


T/2 


ns 


(1.13) 


TPL 


PCLK2:1 Low Time 


(T/2) - 4 


T/2 


ns 


(1,13) 


TPR 


PCLK2:1 Rise Time 


1 


4 


ns 


(1.3) 


TPF 


PCLK2:1 Fall Time 


1 


4 


ns 


(1,3) 


SYNCHRONOUS OUTPUTS(IO) 


TOV 
Tqh 


Output Valid Delay, Output Hold 
T0VI.T0HI A31:2 
T0V2. ToH2 BE3:0 
TOVS. ToHS ADS 
ToV4,ToH4 W/R 
T0V5. ToH5 D/C, SUP, DMA 
T0V6.T0H6 BLAST, WAIT 
T0V7. ToH7 DEN 
T0V8. T0H8 HOLDA, BREQ 
T0V9. ToH9 LOCK 
T0VIO.T0HIO DACK3:0 
T0VII.T0HII D31:0 
T0VI2.T0H12 DT/R 
T0V13.T0HI3 FAIL 
T0VI4. T0H14 EOP3:0/TC3:0 


3 
3 
6 
3 
4 
5 
3 
4 
4 
4 
3 
T/2 + 3 
2 
3 


18 
20 
22 
22 
20 
20 
20 
20 
20 
22 
20 
T/2 + 18 
18 
22 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


(6,11) 
(6.11) 


TOF 


Output Float for all outputs 


3 


22 


ns 


(6) 


SYNCHRONOUS iNPUTSdO) 


T|S 


Input Setup 

T|si D31:0 

T|S2 BOFF 


5 
21 
9 
9 




ns 
ns 
ns 
ns 


(1,11) 
(1,11) 
(1,11) 
(1.11) 


T|S3 BTERM/READY 
T|S4 HOLD 


T|H 


Input Hold 

T|H1 D31:0 
T,H2 BOFF 
T|H3 BTERM/READY 
T|H4 HOLD 


5 

7 
2 
5 




ns 
ns 
ns 
ns 


(1,11) 
(1,11) 
(1,11) 
(1.11) 
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AC Characteristics — 80960CF-16 

(80960CF-16 only, under the conditions described in Section 4.2, Operating Conditions and Section 4.5.1, 
AC Test Conditions.) (Continued) 



Symbol Parameter 


Min 


i\/lax 


Units 


Notes 


REI-ATIVE OUTPUT TiMiNGS(9>7) 


Tavshi 


A31:2 Valid to ADS Rising 


T-4 


T + 4 


ns 




TaVSH2 


BE3:0.W/aSUf^.D/C. 

DMA, DACK3:0 Valid to ADS Rising 


T-6 


T + 6 


ns 




Taveli 


A31:2 Valid to DEN Falling 


T-6 


T + 6 


ns 




Tavel2 


6^3:0. W/R. SUP. INST, 

DMA. DACK3:0 Valid to DEN Falling 


T-6 


T + 6 


ns 




Tnlqv 


WAIT Falling to Output Data Valid 


±6 


ns 




Tdvnh 


Output Data Valid to WAIT Rising 


N*T-6 


N*T + 6 


ns 


(4) 


Tnlnh 


WAIT Falling to WAIT Rising 


N*T±4 


ns 


(4) 


Tnhqx 


Output Data Hold after WAIT Rising 


(N + 1)*T-6 


(N + 1)*T + 6 


ns 


(5) 


Tehtv 


DT/R Hold after DEN High 


T/2-6 


oo 


ns 


^^\ 


Ttvel 


DT/R Valid to DEN Falling 


T/2-4 


T/2 + 4 


ns 


(7) 


RELATIVE INPUT TiMiNGS(7) 


T|S5 


RESET Input Setup (2x Clock Mode) 


10 




ns 


(14) 


T|H5 


RESET Input Hold (2x Clock Mode) 


9 




ns 


(14) 


T|S6 


DREQ3:0 Input Setup 


16 




ns 


(8) 


T|H6 


DREQ3:0 Input Hold 


11 




ns 


(8) 


T|S7 


XINT7:0,NMI Input Setup 


9 




ns 


(8) 


T|H7 


XINT7:0.NMI Input Hold 


5 




ns 


(8) 


T|S8 


RESET Input Setup (1x Clock Mode) 


3 




ns 


(16) 


T|H8 


RESET Input Hold (1x Clock Mode) 


T/4+ 1 




ns 


(15) 




NOTES: 

(1) See Section 4.5.2, AC Timing Waveforms for waveforms and definitions. 

(2) See Figure 22 for capacitive derating information for output delays and hold times. 

(3) See Figure 23 for capacitive derating information for rise and fall times. 

(4) Where N is the number of Nrad. Nrdd. Nwad. or Nw pp wait states that are programmed in the Bus Controller Region 
Table. When there are no wait states in an access, WAIT never goes active. 

(5) N = Number of wait state inserted with READY. 

(6) Output Data and/or DT/R may be driven indefinitely following a cycle if there is no subsequent bus activity. 

(7) See Notes 1,2 and 3. 

(8) Since asynchronous inputs are synchronized internally by the 80960CF they have no required setup or hold times in 
order to be recognized and for proper operation. However, to guarantee recognition of the input at a particular edge of 
PCLK2:1 the setup times shown must be met. Asynchronous inputs must be active for at least two consecutive PCLK2:1 
rising edges to be seen by the processor. 

(9) These specifications are guaranteed by the processor. 

(10) These specifications must be met by the system for proper operation of the processor. 

(11) This timing is dependent upon the loading of PCLK2:1. Use the derating curves of Figure 22 to adjust the timing for 
PCLK2:1 loading. 

(12) In the 1-x input clock mode, the maximum input clock period is limited to 125 ns while the processor is operating. When 
the processor is In reset, the Input clock may stop even in 1 -x mode. 

(13) When in the 1-x input clock mode, these specifications assume a stabib input clock with a period variation of less than 
±0.1% between adjac ent cycle s. 

(14) In 2x clock mode, RESET is an asynchronous input which has no required setup an d hold t ime for proper operation. 
However, to guarantee the device exits reset synchronized to a particular clock edge, the RESET pin must meet setup and 
hold times to the falling edge of the CLKIN. (See Figure 28a.) 

(15) In 1x clock mode, RESET is an asynchronous input which has no required setup an d hold ti me for proper operation. 
However, to guarantee the device exits reset synchronized to a particular clock edge, the RESET pin must be deasserted 
while CLKIN is high and meet setup and hold times to the rising edge of the CLKIN. (See Figure 28b.) 
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4.5.1. AC TEST CONDITIONS 



OUTPUT 








= 


- C, 




^ 


CL= 50 pf for all Signals 


272187-15 



The AC Specifications in Section 4.5 are tested witli 
tlie 50 pf load sliown in Figure 15, See Figure 22 to 
see liow timings vary witfi load capacitance. 

Specifications are measured at the 1.5V crossing 
point, unless otherwise indicated. Input waveforms 
are assumed to have a rise-and-fall time of ^ 2 ns 
from 0.8V to 2.0V. See Section 4.5.2, AC Timing 
Waveforms for AC spec definitions, test points and 
illustrations. 



Figure 15. AC Test Load 
4.5.2. AC TIMING WAVEFORMS 
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Figure 16a. Input and Output Clocks Waveform 




Figure 16b. CLKIN Waveform 
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Figure 17. Output Delay and Float Waveform 
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Figure 18a. Input Setiip anid Hold Waveform 

^v) ^h) — OUTPUT DELAY — The maximum output delay is referred to 
as the Output Valid Delay (Tq^ ). The minimum output delay is 
referred to as the Output Hold (Tqh )■ 

^^ — OUTPUT FLOAT DELAY — The output float condition occurs 

when the maximum output current becomes less than 1,^^ in magnitude 

/jj^/^ — INPUT SETUP AND HOLD — The input setup and hold requirements 
^"^ ^""'^ specify the sampling window during which synchronous inputs must be 
stable for correct processor operation. 




NMI,XINT7;0 



v\1-5V>t- VALID -f^l.SVVSN , 
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Figure 18b. NMI, XINT7:0 Input Setup and Hold Waveform 
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vov) noj) — OUTPUT DELAY — The maximum output delay Is referred to 
as the Output Valid Delay (T^y ). The minimum output delay is 
referred to as the Output Hold (Tq^ ). 

^ —OUTPUT FLOAT DELAY — The output float condition occurs 

when the maximum output current becomes less than \^^Q in magnitude. 

/jTN /JTN — INPUT SETUP AND HOLD — The input setup and hold requirements 
^^ ^^ specify the sampling window during which synchronous inputs must be 
stable for correct processor operation . 



Figure 19. Hold Acknowledge Timings 
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Figure 20. Bus Bacl(-Off (BOFF) Timings 
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Figure 21. Relative Timings Waveforms 



4.5.3 DERATING CURVES 
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PCLK Load = 50 pF 





Figure 22. Output Delay or Hold vs Load Capacitance 
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Figure 23. Rise and Fail Time Derating at Highest Operating Temperature and l\/linimum Vqc 
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'cc— Ice under test conditions 





Figure 24. Iqc vs Frequency and Temperature 
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5.0 RESET, BACKOFF AND HOLD 
ACKNOWLEDGE 

The following table list s the co ndition of each proc- 
essor output pin while RESET is asserted (low). 



Table 13. Reset Conditions 


Pins 


State During Reset 
(HOLDA inactive)i 


A31:A2 


Floating 


D31:D0 


Floating 


BE3:0 


Driven high (Inactive) 


W/R 


Driven low (Read) 


ADS 


Driven high (Inactive) 


WAIT 


Driven high (Inactive) 


BLAST 


Driven low {Active) 


DT/R 


Driven low (Receive) 


DEN 


Driven high (Inactive) 


LOCK 


Driven high (Inactive) 


BREQ 


Driven low (Inactive) 


D/C 


Floating 


DMA 


Floating 


SUF^ 


Floating 


PAIL 


Driven low (Active) 


DACK3 


Driven high (Inactive) 


DACK2 


Driven high (Inactive) 


DACK1 


Driven high (Inactive) 


DACKO 


Driven high (Inactive) 


E0P/TC3 


Floating (set to input mode) 


E0P/TC2 


Floating (set to Input mode) 


E0P/TC1 


Floating (set to input mode) 


EOP/TCO 


Floating (set to input mode) 



NOTE: 

(1) With regard to bus output pin state only, the Hold Ac- 
knowledge state takes preced ence over the reset state. Al- 
though asserting the RESET pin will internally reset the 
processor, the processor's bus output pins will not enter 
the reset state if it has granted Hold Acknowledge to a pre- 
vious HOLD request (HOLDA is active). Furthermore, the 
processor will grant new HOLD requests and enter the 
Hold Acknowledge state even while in reset. 
For example, if HOLDA is not active and the processor is 
in the reset state, then HOLD is asserted, the processor's 
bus pins will enter the Hold Acknowledge state and 
HOLDA will be granted. The processor will not be able to 
perform memory a ccesses until the HOLD request is re- 
moved, even if the RESET pin is brought high. This opera- 
tion is provided to simplify boot-up synchronization among 
multiple processors sharing the same bus. 
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The following table lists the condition of each proc- 
essor output pin while HOLDA is asserted (low). 

Table 14. Hold Acl(nowledge 
and Bacl(Off Conditions 



Pins 


State During HOLDA 


A31:A2 


Floating 


D31:D0 


Floating 


BE3:0 


Floating 


W/R 


Floating 


ADS 


Floating 


WAIT 


Floating 


BLAST 


Floating 


DT/R 


Floating 


DEN 


Floating 


LOCK 


Floating 


BREQ 


Driven (high or low) 


D/C 


Floating 


DMA 


Floating 


SUP 


Floating 


FAIL 


Driven high (Inactive) 


DACK3 


Driven high (Inactive) 


DACK2 


Driven high (Inactive) 


DACK1 


Driven high (Inactive) 


DACKO 


Driven high (Inactive) 


E0P/TC3 


Driven if output 


E0P/TC2 


Driven if output 


E0P/TC1 


Driven if output 


EOP/TCO 


Driven if output 
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Figure 27. Entering the ONCE State 



iny 



80960CF-33, -25, -16 




PCLK2:1 
(Case 2) 



272187-31 



NOTE: 

Case 1 and Case 2 show two possible polarities of PCLK2:1. 




Figure 28a. Clock Synchronization in the 2x Clock Mode 



CLKIN 



RESET 



r\j\PLr\f\i\i\i\i\j\. 



(£) (E> 



3f 



272187-58 



NOTE: 

In 1x clock mode, the RESET pin is actually sampled on the falli ng edge of 2XCLK. 2XCLK is an internal signal generat- 
ed b y the PL L and is not available on an external pin. Therefore, RESET is specified relative to the rising edge of CLKIN. 
The RESET pin is sampled when PCLK is high. 



Figure 28b. Clock Synchronization in the 1x Clock Mode 
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Region Table Entry 
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Figure 29. Non-Burst, Non-Pipelined Requests without Wait States 
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Figure 30. Non-Burst, Non-Pipeiined Read Request with Wait States 
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Figure 31. Non-Burst, Non-Pipelined Write Request with Wait States 
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Region Table Entry 
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Figure 32. Burst, Non-Pipelined Read Request without Wait States, 32-Bit Bus 
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Figure 33. Burst, Non-Pipeiined Read Request with Wait States, 32-Bit Bus 
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Figure 34. Burst, Non-Pipelined Write Request without Wait States, 32-Blt Bus 
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Figure 35. Burst, Non-Pipeiined Write Request with Wait States, 32-Bit Bus 
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Figure 36. Burst, Non-Pipelined Read Request with Wait States, 16-Bit Bus 
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Figure 37. Burst, Non-Pipelined Read Request with Wait States, 8-Bit Bus 
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Figure 38. Non-Burst, Pipelined Read Request without Wait States, 32-Bit Bus 
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Figure 39. Non-Burst, Pipeiined Read Request with Wait States, 32-Blt Bus 
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Figure 40. Burst, Pipelined Read Request Without Wait States, 32-Bit Bus 
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Figure 41. Burst, Pipelined Read Requests witli Wait States, 32-Bit Bus 
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Figure 42. Burst, Pipelined Read Requests witti Wait States, 16-Bit Bus 
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Figure 43. Burst, Pipelined Read Requests with Wait States, 8-Bit Bus 
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Figure 44. Using External READY 
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NOTE: 

READY adds memory access time to data transfers, whether or not the bus access is a b urst acce ss. BTERM i nterrupts 
a bus access, whether or not the bus access has more data transfers pending. Either the READY signal or the BTERM 
signal will terminate a bus access if the signal is asserted during the last (or only) data transfer of the bus access. 



Figure 45. Terminating a Burst with BTERIM 
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-igure 46. BOFF Functional Timing 
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Figure 47. HOLD Functionai Timing 
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NOTES: 

1. Case 1: DREQ must deassert before DACK deasserts. Applications are Fly-by and some paclcing and unpacking 
modes, in whichjoads are followed by loads, or stores are followed by stores. 

2. Case 2: DREQ must be deasserted by the second clock (rising edge) after DACK is driven high. Applications are non 
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Figure 48. DREQ and DACK Functional Timing 
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NOTE: 

EOP has the same AC Timin g Re quirements as DREQ to prevent unwanted DMA req uests . 

EOP is NOT edge triggered. EOP must be held for a minimum of 2 clock cycles then EOP must be deasserted 

within 1 5 clock cycles. 



Figure 49. EOP Functionai Timing 
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NOTE: 

Terminal Count becomes active during the last bus request of a buffer transfer. If the last LOAD/STORE bus request is 
executed as multiple bus accesses, the TC will be active for the entire bus request. Refer to the User's Manual for 
further information. 




Figure 50. Terminal Count Functional Timing 
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Figure 51. FAIL Functional Timing 
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Figure 52. A Summary of Aligned and Unaligned Transfers for Little Endian Regions 
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Figure 53. A Summary of Aligned and Unaligned Transfers for Littie Endian Regions (Continued) 
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1.0 PURPOSE 

This document provides electrical characteristics of 
Intel's i960® CF embedded 40 MHz microprocessor 
(also available in 33, 25 and 16 MHz). For descrip- 
tions of any 80960CF functional topic ^ other than 
parametric performance — consult the i96d^ Cx 
Microprocessor User's Manual (#270710). To obtain 
data sheet updates and errata, call Intel's FaxBack 
data-on-demand system (1-800-628-2283 or 916- 
356-3105). Other information can be obtained from 
Intel's technical BBS (916-356-3600). 



2.0 80960CP OVERVIEW 

Intel's 80960CF is the performance follow-on product 
to the 80960CA. The 80960CF is socket- and object 
code-compatible with the CA; this makes CA-to-CF 
design upgrades straightfonvard. 

As shown in Figure 1, the 80960CF's Instruction 
cache is 4 Kbytes; data cache is 1 Kbyte (80960CA 
instruction cache is 1 Kbyte; it does not have a data 
cache.) This extra cache on the CF adds a signifi- 
cant performance boost over the CA. 
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Figure 1. 80960CF Block Diagram 
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The 80960CF is object code compatible with the 32- 
blt 60960 Core Architecture while Including Special 
Function Register extensions to control on-chip 
peripherals and instruction set extensions to shift 64- 
bit operands and configure on-chip hardware. Multi- 
ple 128-bit Internal buses, on-chip Instruction cach- 
ing and a sophisticated instruction scheduler allow 
the processor to sustain execution of two instructions 
every clocl< and peak at execution of three Instruc- 
tions per clock. 

A 32-bit demultiplexed and pipelined burst bus pro- 
vides a 160 Mbyte/s bandwidth to a system's high- 
speed external memory subsystem. Also, the 
80960CPS on-chip caching of Instructions, proce- 
dure context and critical program data substantially 
decouple system perfonmance from the wait states 
associated with accesses to the system's slower, 
cost sensitive, main memory subsystem. 

The 80960CF bus controller Integrates full wait state 
and bus width control for highest system perfor- 
mance with minimal system design complexity. 
Unaligned access and Big Endian byte order support 
reduces the cost of porting existing applications to 
the 80960CR 

The processor also Integrates four complete data- 
chaining DMA channels and a high-speed interrupt 
controller on-chip. DMA channels perform single- 
cyde or two-cycle transfers, data packing and 
unpacking and data chaining. Block transfers — in 
addition to source or destination synchronized trans- 
fers— -are provided. 

The interrupt controller provides full programmabllity 
of 248 interrupt sources into 3^ priority levels with a 
typical interrupt task switch (latency) time of 625 ns. 



2.1 The C-Series Core 

The C-Serles core is a very high performance 
microarchitectural Implementation of the 80960 Core 
Architecture. This core can sustain execution of two 
instructions per clock (80 MIPS at 40 MHz). To 
achieve this level of perfonnance, Intel has Incorpo- 
rated state-of-the-art silicon technology and Innova- 
tive microarchitectural constructs Into the C-Serles 
core Implementation. Factors that contribute to the 
core's p(9rformance Include: 

• Parallel instruction decoding allows issuance of 
up to three instructions per clock 



Single-clock execution of most instructions 

Parallel Instruction decode allows sustained, 
simultaneous execution of two single-clock 
instructions every clock cycle 
Efficient instruction pipeline minimizes pipeline 
break losses 

Register and resource scoreboarding allow simul- 
taneous multi-clock instruction execution 

Branch look-ahead and prediction allows many 
branches to execute with no pipeline break 

Local Register Cache integrated on-chip caches 
Call/Return context 

Two-way set associative, 4 Kbyte integrated 
Instruction cache 

1 Kbyte Integrated Data RAM sustains a four- 
word (128-blt) access every clock cycle 

Direct mapped, 1 Kbyte data cache, write 
through, write allocate 



2.2 Pipelined, Burst Bus 

A 32-blt high performance bus controller interfaces 
the 80960CF to extemai memory and peripherals. 
The Bus Control Unit features a maximum transfer 
rate of 160 Mbytes per second (at 40 MHz). Inter- 
nally programmable wait states and 16 separately 
configurable memory regions allow the processor to 
Interface with a variety of memory subsystems with a 
minimum of system complexity and a maximum of 
performance. The Bus Controller's main features 
include: 

• Demultiplexed, Burst Bus to exploit most efficient 
DRAM access modes 

• Address Pipelining to reduce memory cost while 
maintaining performance 

• 32-, 16- and 8-bit modes for I/O interfacing ease 

• Full Intemai wait state generation to reduce 
system cost 

• Little and Big Endian support to dase application 
development 

• Unaligned access support for code portability 

• Three-deep request queue to decouple the bus 
from the core 
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2.3 Instruction Set Summary 

Table 1 summarizes the 80960CF Instruction set by^ 
logical groupings. See the i960(S> Cx Microprocessor 
User's Mar)ual (#270710) for a complete description 
of the Instruction set. 



2.4 Flexible DMA Controller 

A four-channel DMA controller provides high speed 
DMA control for data transfers involving peripherals 
and memory. The DMA provides advanced features 
such as data chaining, byte assembly and disassem- 
bly and a high perfonnance fly-by mode capable of 
transfer speeds of up to 71 Mbytes per second at 
40 MHz. The DMA controller features a performance 
and flexibility which is only possible by integrating 
the DMA controller and the 80960CF core. 



2.5 Priority Interrupt Controller 

A programmable-priority interrupt controller man- 
ages up to 248 extemal sources through the 8-bit 
extemai interrupt port. The Interrupt Unit also han- 
dles the four intemal sources from the DMA control- 
ler and a single non-maskable intermpt input. The 8- 
bit interrupt port can also be configured to provide 
individual interrupt sources that are level or edge 
triggered. 

80960CF interrupts are prioritized and signaled 
within 225 ns of the request. If the interrupt |s of 
higher priority than the processor priority, the context 
switch to the interrupt routine typically completes in 
another 400 ns. The Interrupt unit provides the 
mechanism for the low latency and high throughput 
interrupt service which is essential for embedded 
applications. 




Tablet. 80960CF Instruction Set 



Data Movement 


Arithmetic 


Logical 


Bit /Bit Field /Byte 


Load 


Add 


And 


Set Bit 


Store 


Subtract 


Not And 


Clear Bit 


Move 


Multiply 


And Not 


Not Bit 


Load Address 


Divide 


Or 


Alter Bit 




Remainder 


Exclusive Or 


Scan For Bit 




Modulo 


Not Or 


Span Over Bit 




Shift 


Or Not 


Extract 




•Extended Shift 


Nor 


Modify 




Extended Multiply 


Exclusive Nor 


Scan Byte for Equal 




Extended Divide 


Not 






Add with Carry 


Nand 






Subtract with Canry 








Rotate 






Comparison 


Branch 


Call/Return 


Fault 


Compare 


Unconditional Branch 


Call 


Conditional Fault 


Conditional Compare 


Conditional Branch 


Call Extended 


Synchronize Faults 


Compare and Increment 


Compare and Branch 


Call System 




Compare and Decrement 




Return 




Test Condition Code 




Branch and Link 




Check Bit 








Debug 


Processor Mgmt 


Atomic 




Modify Trace Controls 


Flush Local Registers 


Atomic Add 




Mark 


Modify Arithmetic Controls 


Atomic Modify 




Force Mark 


Modify Process Controls 
*System Control 
*DMA Control 







NOTES: Instmctions marited by (*) are 80960Cx extensions to the 80960 instruction set. 



272493-7 



&m!/Mi(Qm m\F@mMMm\^ 



1-337 



80960CF-40 



Intel 



3.0 PACKAGE INFORMATION 



3.1 Package Introduction 

This section describes the pins, pinouts and thermal 
characteristics for the 80960CF in the 168-pin 
Ceramic Pin Grid Array (PGA) package. For com- 
plete package specifications and information, see 
the Packaging Handbook (# 240800). 



3.2 Pin Descriptions 

This section defines the 80960CF pins. Table 2 pre- 
sents the legend for Interpreting the pin descriptions 
in the following tables. Pins associated with the 32- 
bit demultiplexed processor bus are described In 
TaMe 3. Pins associated with basic processor config- 
uration and control are described in Table 4. Pins 
associated with the 80960CF DMA Controller and 
intermpt Unit are described in Table 5. 

All pins float while the processor is in the ONCE 
mode. 



Table 2. Pin Description Nomenclature 



Symbol 


Description 


1 


Input only pin 





Output only pin 


vo 


Pin can be either an input or output 


- 


Pins "must be" connected as described 


S(...) 


Synchronous. Inputs must meet setup 
and hold times relative to PCLK2:1 for 
proper operation. Outputs are synchro- 
nous to PCLK2:1 . 
S(E) Edge sensitive input 
S(L) Level sensitive input 


A(...) 


Asynchronous. Inputs may be asynchro- 
nous to PCLK2:1 . 
A(E) Edge sensitive input 
A(L) Level sensitive input 


H(...) 


While the bus is in the Hold Acknowledge 
or Bus Backoff state, the pin: 

H(1) Is driven to Vcc 

H(0) is driven to Vss 

H(Z) floats 

H(Q) continues to be a valid input 


R(...) 


While the processor's RESET pin is low, 
the pin: 

R(1) is driven to Vcc 

R(0) is driven to Vss 

R(Z) floats 

R(Q) continues to be a valid output 
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Table 3. 80960CF Pin Description — Externai Bus Signais (Sheet 1 of 3) 



NalTie 


Type 


Description 


A31:2 




s 

H(Z) 

R(Z) 


ADDRESS BUS carries the physical address' upper 30 bits. A31 is the most significant 
bit; A2 is least significant. During a bus access, A31 :2 Identify ail external addresses to 
word (4-byte) boundaries. Byte enable signais Indicate the selected byte in each word. 
During burst accesses, A3:2 increment to indicate successive data cycles. 


D31:0 


I/O 

S(L) 
H(Z) 
R(Z) 


DATA BUS carries 32-, 16- or 8-bit data quantities depending on bus width configura- 
tion. The least significant bit Is carried on DO and the most significant on D31 . When the 
bus is configured for 8-bit data, the lower 8 data lines, D7:0 are used. For 1 6-bit data 
bus widths, D1 5:0 are used. For 32-bit bus widths the full data bus is used. 


BE33 




s 

H(Z) 
R(1) 


BYTE ENABLES select which of the four bytes addressed by A31 :2 are active during 
an access to a memory region configured for a 32-blt data-bus width. BE3 applies to 
D31 :24; BE2 applies to D23:16; BE1 applies to D15:8 BEO applies to 07:0. 

32-bit bus: BE3 -Byte Enable 3 -enable D31 :24 
BE2 -Byte Enable 2 -enable D23: 1 6 
BE1 -Byte Enable 1 -enable D1 5:8 
BEO -Byte Enable -enable D7:0 

For accesses to a memory region configured for a 1 6-blt data-bus width, the processor 
uses the BE3, BE1 and BEO pins as BHE, A1 and BLE respectively. 

16-bit bus: BE3 -Byte High Enable (BHE) -enable D1 5:8 
BE2 -Not used (driven high or low) 
BE1 -Address Bit 1 (A1) 
BEO -Byte Low Enable (BLE) -enable D7:0 

For accesses to a memory regbn configured for an 8-blt data-bus width, the processor 
uses the BE1 and BEO pins as A1 and AO respectively. 
8-blt bus: BE3 -Not used (driven high or low) 

BE2 -Not used (driven high or low) 

BE1 -Address Bit 1 (A1) 

BEO -Address Bit 0(A0) 


W/R 




s 

H(Z) 
R(0) 


WRITE/READ is asserted for read requests and deasserted for write requests. The 
W/R signal changes In the same clocl< cycle as ADS. it remains valid for the entire 
access in non-pipelined regions. In pipelined regions, W/R is not guaranteed to be valid 
in the last cyde of a read access. 


ADS 




s 

H(Z) 
R(1) 


ADDRESS STROBE indicates a valid address and the start of a new bus access. ADS 
Is asserted for the first clocl< of a bus access. 


READY 


1 

S(L) 
H(Z) 

R(Z) 


READY is an input which signais the termination of a data transfer. READY is used to 
Indicate that read data on the bus Is valid or that a write-data transfer has cornpieted. 
The READY signal worlds In conjunction with the internally programmed wait-state 


generator, if READY Is enabled in a region, the pin is sampled after the programmed 
number of wait-states has expired, if the READY pin Is deasserted, wait states continue 
to be inserted until READY becomes asserted. This is true for the Np^p, N^qq, Ny^AO 
and NyvDD wait states. The Nxqa wait states cannot be extended. 
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Table 3. 80960CF Pin Description — External Bus Signals (Sheet 2 of 3) 



Name 


Type 


Description 


BTERM 


1 
S(L) 
H(Z) 
R(Z) 


BURST TERMINATE is an input which breal<s up a burst access and causes another 
address cyde to occur. The BTERM signal worlds in conjunction with the intemaliy 
programmed wait-state generator. If READY and BTERM ar^ enabled in a region, the 


BTERM pin is sampled after the programmed number of wait states has expired. When 


BTERM is asserted, a new ADS signal is, generated and the access is completed. The 


READY input is ignored when BTERM is asserted. BTERM must be extemally synchro- 
nized to satisfy BTERM setup and hold times. 


WAIT 




S 
H(Z) 
R(1) 


WAIT indicates intemai wait state generator status. WAIT is asserted when wait states 
are being caused by the intemai wait state generator and not by the READY or BTERM 
inputs. WAIT can be used to derive a write-data etrobe. WAIT can also be thought of as 
a READY output that the processor provides when it is inserting wait states. 


BUKST 




s 

H(Z) 
R(0) 


BURST LAST indicates the last transfer in a bus access. BLAST is asserted in the last 
data transfer of burst and non-burst accesses after the wait state counter reaches zero. 


BLAST remains asserted until the clock following the last cyde of the last data transfer 
of a bus access. If the READY or BTERM input is used to extend wait states, the 


BLAST signal remains asserted until READY or BTERM terminates the access. 


DT/R 




s 

H(Z) 

R(0) 


DATA TRANSMIT/RECEiVE indicates direction for data transceivers. DT/R is used in 
conjunction with^DEN to provide control for data transceivers attached to the extemai 
bus. When DT/R is asserted, the signal indicates that the processor receives data. 
Conversely, when deasserted, the processor sends data. DT/R changes only while 
DEN Is high. 


DEN 




s 

H(Z) 
R(1) 


DATA ENABLE indicates data cydes in a bus request. DEN is asserted at the start of 
the bus request first data cycle and is deasserted at the end of the last data cyde. DEN 
is used in conjunction with DT/R to provide control for data transceivers attached to the 
external bus. DEN remains asserted for sequehtial reads from pipelined memory 
regions. DEN is deasserted when DT/R changes. 


LOCK 




s 

H(Z) 
R(1) 


BUS LOCK indicates that an atomic read-modlfy-wrlte operation is in progress. LOCK 
may be used to prevent extemai agents from accessing memory which is cun-entiy 
involved in an atomic operation. LOCK is asserted in the first clock of an atomic opera- 
tion and deasserted In the dock cyde following the last bus access for the atomic oper- 
ation. To allow the most flexibility for memory system enforcement of locked accesses, 
the processor acknowledges a bus hold request when LOCK Is asserted. The 
processor performs DMA transfers while LOCK is active. 


HOLD 


i 
S(L) 
H(Z) 
R(Z) 


HOLD REQUEST signals that an external agent requests access to the external bus. 
The processor asserts HOLDA after completing the current bus request. HOLD, 
HOLDA and BRED are used together to arbitrate access to the processor's extemai 
bus by extemai bus agents. 


BOFF 


1 
S(L) 
H(Z) 
R(Z) 


BUS BACKOFF, when asserted, suspends the current access and causes the bus pins 
to float. When BOFF is deasserted, the ADS signal is asserted on the next dock cyde 
and the access Is resumed. 
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Table 3. 80960CF Pin Description — External Bus Signals (Sheet 3 of 3) 



Name 


Type 


Description 


HOLDA 




S 

H(1) 
R(Q) 


HOLD ACKNOWLEDGE indicates to a bus requestor that the processor has relin- 
quished control of the external bus. When HOLDA is asserted, the external address 
bus. data bus and bus control signals are floated. HOLD. BOFF. HOLDA and BREQ are 
used together to arbitrate access to the processor's external bus by external bus 
agents. Since the processor grants HOLD requests and enters the Hold Acknowledge 
state even while RESET is asserted, the state of the HOLDA pin is independent of the 


RESET pin. 


BREQ 




S 
H(Q) 
R(0) 


BUS REQUEST is asserted when the bus controller has a request pending. BREQ can 
be used by external bus arbitration logic in conjunction with HOLD and HOLDA to 
determine when to return mastership of the extemal bus to the processor. 


D/C 




S 
H(Z) 

R(Z) 


DATA OR CODE is asserted fora data request and deasserted for instmction requests. 
D/C has the same timing as W/R. 


DMA 




S 
H(Z) 
R(Z) 


DMA ACCESS indicates whether the bus request was initiated by the DMA controller. 
DMA is asserted for any DMA request. DMA is deasserted for all other requests. 


SUP 




S 
H(Z) 
R(Z) 


SUPERVISOR ACCESS indicates whether the bus request Is issued while in super- 
visor mode. SUP is asserted when the request has supervisor privileges and is deas- 
serted otherwise. SUP can be used to isolate supervisor code and data structures from 
non-supen^sor requests. 
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Table 4. 80960CF Pin Description — Processor Control Signals (Sheet 1 of 2) 



Name 


Type 


Description 


RESET 


1 
A(L) 
H(Z) 
R(Z) 


RESET causes the chip to reset. When RESET is asserted, all external signals return 
to the reset state. When RESET is deasserted, initialization begins. When the 2-x 
clock mode is selected, RESET must remain asserted for 32 CLKIN cycles before 
being deasserted to guarantee correct processor initialization. When the 1-x clock 
mode is selected, RESET must remain asserted for 10,000 CLKIN cycles before 
being deasserted to guarantee correct processor initialization. The CLKI^ODE pin 
selects 1-x or 2-x input clock division of the CLKIN pin. 

The Hold Acknowledge bus state functions while the chip is reset. If the bus is in the 


Hold Acknowledge state when RESET is asserted, the processor intemally resets, 
but maintains the Hold Acknowledge state on external pins until the Hold request is 
removed. If a Hold request is made while the processor is in the reset state, the 
processor bus grants HOLDA and enters the Hold Acknowledge state. 


FAIL 


O 

S 
H(Q) 
R(0) 


FAIL indicates failure of the self-test performed at initialization. When RESET is 
deasserted and initialization begins, the FAIL pin is asserted. An intemal self-test is 
performed as part of the initialization process, if this self-test passes, the FAIL pin is 
deasserted; othen^ise it remains asserted. The FAIL pin is reasserted while the 
processor performs an external bus self-confidence test. If this self-test passes, the 
processor deasserts the FAIL pin and branches to the user's initialization routine; 
othen^^ise the FAIL pin remains asserted, internal self-test and the use of the FAIL pin 
can be disabled with the STEST pin. 


STEST 


S(L) 
H(Z) 
R(Z) 


SELF TEST enables or disables the intemal self-test feature at initialization. STEST 
is read on the rising edge of RESET. When asserted, intemal self-test and external 
bus confidence tests are performed during processor initialization. When deasserted, 
only the t)us confidence tests are performed during initialization. 


ONCE 


A(L) 
H(Z) 
R(Z) 


ON CIRCUIT EIMULATION, when asserted, causes all outputs to be floated. ONCE 
is continuously sampled while RESET is low and is latched on the rising edge of 


RESET To place the processor in the ONCE state: 

(1 ) assert RESET and ONCE (order does not matter) 

(2) wait for at least 1 6 CLKIN periods in 2-x mode—or 10,000 CLKIN periods in 
1-x mode— after Vqc and CLKIN are wittiln operating specifications 

(3) deassert RESET 

(4) wait at least 32 CLKIN periods 


(The processor will now be latched In the ONCE state while RESET is high.) 
Jo exit the ONCE state, bring Wcc and CLKIN to operating conditions, then assert 


RESET and bring ONCE high prior to deasserting RESET. 

CLKIN must operate within the specified operating conditions until Step 4 completes. 
CLKIN may ttien be changed to DC to achieve the lowest possible ONCE mode 
leakage current. 

ONCE can be used by emulator products or board testers to effectively make an 
installed processor transparent in the board. 
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Table 4. 80960CF Pin Dascrlption — Processor Control Signals (Sheet 2 of 2) 



Name 


Type 


Description 


CLKIN 


A(E) 
H(Z) 
R(Z) 


CLOCK INPUT is an input for tlie external clock needed to mn the processor. The 
external clock is Intemaliy divided as prescribed by the CLKMODE pin to produce 
PCLK2:1. 


CLKMODE 


1 
A(L) 
H(Z) 
R(Z) 


CLOCK MODE selects the division factor applied to the external dock input (CLKIN). 
When CLKiy40DE Is high, CLKIN is divided by one to create PCLK2:1 and the 
processor's internal clock. When CLKMODE Is low. CLKIN is divided by two to create 
PCLK2:1 and the processor's internal dock. CLKMODE shouk) be tied high or low in 
a system as the dock mode is not latched by the processor, if left unconnected, the 
processor intem^iiy pulls the CLKMODE pin low, enabling the 2-x dock mode. 


PCLK2:1 




s 

H(Q) 
R(Q) 


PROCESSOR OUTPUT CLOCKS provide a timing reference for all inputs and 
outputs. All input and output timings are specified in relation to PCLK2 and PCLK1 . 
PCLK2 and PCLK1 are Identical signals. Two output pins are provided to allow flexi- 
bility in the system's allocation of capacitive loading on the clock. PCLK2:1 may also 
be connected at the processor to form a single clock signal. 


Vss 


- 


GROUND connections must be connected extemally to a Vss board plane. 




- 


POWER connections must be connected extemally to a Vqc board plane. 


VCCPLL 


" 


Vqcpll is a separate Vqq supply pin for the phase lock loop used in 1-x dock mode. 
Connecting a simple lowpass filter to Vqcpll ^ay ^^P reduce dock jitter (Tcp) in 
noisy environments. Othenwise, Vqcpll should be connected to Vcc- 


NC 


- 


NO CONNECT pins rnust not be connected in a system. 
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Table 5. 80960CF Pin Description — • DIMA and Interrupt Unit Control Signals 



Name 


TVpe 


Description 


DREQ3:0 


A(L) 
H(Z) 
R(Z) 


DMA REQUEST is used to request a DMA transfer. Each of the four signals 


requests a transfer on a single channel. DREQO requests channel 0, DREQ1 
requests channel 1 , etc. When two or more channels are requested simultaneously, 
the channel with the highest priority is sen^iced first. Channel priority mode is 
programmable. 


DACK3:0 




s 

H(1) 
R(1) 


DMA ACKNOWLEDGE indicates that a DIVIA transfer is being executed. Each of 
the four signals acknowledges a transfer for a single channel. DACKO aci<nowi- 


edges channel 0, DACkl acknowledges channel 1, etc. DACks-.O are asserted 
when the requesting device of a DIVIA is accessed. 


EOPn-C3:0 


I/O 

A(L) 

H(Z/Q) 

R(Z) 


END OF PROCESS/TERMINAL COUNT can be programmed as either an input 
(EOP3:0) or output (TC3:0), but not both. Each pin is individually programmable. 
When programmed as an Input, EOPx causes termination of a current DMA transfer 
for the channel that corresponds to the EOPx pin. EOPO corresponds to channel 0, 
E0P1 corresponds to channel 1 , etc. When a channel is configured for source and 
destination chaining, the EOP pin for that channel causes tennination of onjy the 
current buffer transferred and causes the next buffer to be transferred. EOP3:0 are 
asynchronous inputs. 

When programmed as an output, the channel's TCx pin indicates that the channel 
byte count has reached and a DMA has terminated. TCx is driven with the same 


timing as DACKx during the last DMA transfer for a buffer. If the last bus request is 
executed as multiple bus accesses, TCx stays asserted for the entire bus request. 


XiNT7:0 


1 

A(E/L) 

H(Z) 

R(Z) 


EXTERNAL INTERRUPT PINS cause intermpts to be requested. These pins can 
be configured in three modes: 

Dedicated Mode: each pin is a dedicated external interrupt source. Dedicated 
inputs can be individually programmed to be level (low) or edge (falling) activated. 

Expanded Mode: the eight pins act together as an 8-bit vectored intenupt source. 
The interrupt pins in this mode are level activated. Since the interrupt pins are 
active low, the vectpr number requested is the 1 's complement of the positive logic 
value place on the port. This eliminates glue logic to Interface to combinational 
priority encoders which output negative logic. 


Mixed Mode: XINT7:5 are dedicated sources and XI NT4:0 act as the five most 
significant bits of an expanded mode vector. The least significant bits are set to 01 
intemally. 


NMI 


1 
A(E) 
H(Z) 
R(Z) 


NON-MASKABLE INTERRUPT causes a non-maskable intermpt event to occur. 
NMI is the highest priority intermpt recognized. NMI is an edge (falling) activated 
source. 
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3.3 80960CF Mechanical Data 



3.3.1 80960CF PGA PINOUT 

Figure 2 depicts the complete 80960CF PGA pinout 
as viewed from the top side of the component (i.e., 
pins facing down). Rgure 3 shows the complete 
80960CF PGA pinout as viewed from the pin-side of 
the package (i.e., pins facing up). 



Table 6 lists the 80960CF pin names and package 
k)cation In signal order, Table 7 lists the pin names 
and package location in pin order. See Section 4.0, 
ELECTRICAL SPECIFICATIONS for specifications 
and recommended connections. 
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Figure 2. 80960CF PGA Pinout — View from Top (Pins Facing Down) 
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Figure 3. 80960CF PGA Pinout — View from Bottom (Pine Facing Up) 
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Table 6. 80960CF PGA Pinout 


— In Signal Order 






Address Bus | 


Data Bus 1 


Bus Control 


Processor Control 


I/O 1 


Signal 


Pin 


Signal 


Pin 


Signal 


Pin 


Signal 


Pin 


Signal 


Pin 


A31 


SI 5 


D31 


R3 


BE3 


S5 


RESET 


A16 


DRE03 


A7 


A30 


Q13 


D30 


Q5 


BE2 


S6 






DRE02 


B6 


A29 


R14 


D29 


S2 


BE1 


S7 


FAIL 


A2 


DRE01 


AS 


A28 


Q14 


D28 


04 


BEO 


R9 






DREOO 


B5 


A27 


S16 


D27 


R2 






STEST 


B2 






A26 


R15 


D26 


Q3 


W/R 


S10 






DACK3 


A10 


A25 


S17 


D25 


81 






ONCE 


C3 


DACK2 


A9 


A24 


Q15 


D24 


R1 


ADS 


R6 






DACK1 


A8 


A23 


R16 


D23 


Q2 






CLKIN 


CI 3 


DACKO 


B8 


A22 


R17 


D22 


P3 


READY 


S3 


CLKMODE 


CI 4 






A21 


Q16 


D21 


Q1 


BTERM 


R4 


PLCK1 


B14 


E0P/TC3 


A14 


A20 


P15 


D20 


P2 






PLCK2 


B13 


E0PfTC2 


A13 


A19 


P16 


D19 


P1 


WAIT 


S12 






EOP/rci 


A12 


A18 


Q17 


D18 


N2 


BLAST 


S8 


Vss 


EOP/rco 


All 


A17 


P17 


D17 


N1 






Location 






A16 


N16 


D16 


M1 


DT/R 


S11 


C7, C8, C9. C10, 
C11,C12, F15,G3, 
G15,H3.H15.J3, 
J15. K3,K15, L3, 
L15, 1^3, 1^15, 07, 
08,09,010,011 


XINT7 


C17 


A15 


N17 


D15 


L1 


DEN 


S9 


XINT6 


CI 6 


A14 


1^17 


D14 


1-2 






XINT5 


-B17 


A13 


L16 


D13 


K1 


LOCK 


SI 4 


XINT4 


CI 5 


A12 


L17 


D12 


J1 
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D11 


H1 
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XINT2 


A17 


A10 
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D10 


H2 


HOLD 


R5 
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>mr\ 
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A9 
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D9 


G1 
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S4 


B7, B9, B11,B12, 
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D1 
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Table 7. 80960CF PGA PInout -- In Pin Order 



Pin 


Signal 


Pin 


Signal 


Pin 


Signal 


Pin 


Signal 


Pin 


Signal 


A1 


NC 


CI 


D3 


G1 


D9 


Ml 


D16 


R1 


D24 


A2 


FAIL 


C2 


D1 


G2 


Vcc 


M2 


Vcc 


R2 


D27 


A3 


NC 


C3 


ONCE 


G3 


Vss 


M3 


Vss 


R3 


D31 


A4 


NC 


C4 


NC 


G15 


Vss 


M15 


Vss 


R4 


8TERM 


A6 


NC 


C5 


NC 


G16 


A7 


M16 


Vcc 


R5 


HOLD 


A6 


DREQ1 


C6 


Vnc 


G17 


A8 


M17 
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R6 


ADS 


A7 


DREQ3 


C7 


Vss 










R7 


Vcc 
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C8 


Vss 
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A9 


DACK2 


C9 


Vss 


H2 
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A9 


N17 


A15 


R13 


BREO 


A14 


EOP/TC3 


C14 


CLKMODE 










R14 


A29 


A15 


XINT1 


C15 


XINT4 


J1 


D12 


PI 


D19 


R15 


A26 


A16 


RESET 


CI 6 


XINT6 


J2 


^cc 


P2 


D20 


R16 


A23 


A17 


XINT2 


CI 7 


XINT7 


J3 


Vss 


P3 


D22 


R17 


A22 










J15 


Vss 


P15 


A20 






B1 


80FF 


D1 


D5 


J16 


Vcc 


P16 


A19 


S1 


D25 


B2 


STEST 


D2 


D2 


J17 


A10 


P17 


A17 


S2 


D29 


B3 


NC 


D3 


NC 










S3 


READY 


84 


NC 


tH5 


NMI 


K1 


D13 


01 


D21 


S4 


HOLDA 


85 


DREQO 


D16 


A2 


K2 


Vcc 


02 


D23 


S5 


BEa 


86 


DREQ2 


D17 


A3 


K3 


Vss 


03 


D26 


S6 


8E2 


87 


Vcc 






K15 


Vss 


04 


D28 


S7 


IeT 


88 


DACKO 


El 


D7 


K16 


ycc 


05 


D30 


S8 


BLAST 


89 


Vcc 


E2 


D4 


K17 


All 


06 


Vcc 


S9 


DEN 


810 


VcCPLL 


E3 


DO 






07 


Vss 


$10 


W/R 


811 


Vcc 


El 5 


Vcc 


LI 


D15 


08 


Vss 


S11 


DT/R 


812 


Vcc 


E16 


A4 


L2 


D14 


09 


Vss 


S12 


WAIT 


813 


PCLK2 


El 7 


A5 


L3 


Vss 


01 


Vss 


SI 3 


D/C 


.814 


PCLK1 
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3.4 Package Thermal Specifications 

The 80960CF is specified for opers^tlon when T^ 
(case temperature) is wittiin the range of O^C-SS^C. 
Tq may be measured in any environment to deter- 
mine whether the 80960CF is within specified oper- 
ating range. Case temperature should be measured 
at the center of the top surface, opposite the pins. 
Referto Figure 4. 

Ta (ambient temperature) is calculated from Qqa 
(thermal resistance from case to ambient) using the 
equation: 



Ta = Tc - P*0cA 

Table 8 shows the maximum Ta atlowable (without 
exceeding Tq) at various airflows and operating fre- 
quencies (fpcLK)- 

Note that Ta Is greatly improved by attaching fins or a 
heatslnlc to the pacl<age. P (maximum power con- 
sumption) is calculated by using the typical ice ^^ 
tabulated in Section 4.4, DC Specifications and 
VccofSV. 



Measure PGA temperature at 
center of top surface 



168 -Pin PGA 





Figure 4. Measuring 80960CF PGA Case Temperature 



Table 8. Maximum Ta at Various Airflows In °C (PGA Package Only) 







Airflow-ft/^ln (m/sec) 




*PCLK 

(MHz) 



(0) 


200 
(1.01) 


400 
(2.03) 


600 
(3.04) 


800 
(4.06) 


1000 
(5.07) 


TAWith 

Heatslnl<* 


40 


20 


40 


58 


60 


66 


68 


Ta without 
Heatsink* 


40 





15 


30 


40 


50 


52 



NOTES: 

*0.285" higii unidirectional heatslnl< (Al alloy 6061 , 50 mil fin width, 150 mil center-to-center fin spacing). 



AOW/^M©! DlMF©l^(i!«lATrD@(Kl 



1-349 



80960CF-40 



Intel 





Table 9. 80960CF PGA Package Thermal Characteristics 






Thermal Resistance — 'C/Watt 






Parameter 


Airflow — ftymln (m/sec) 



(0) 


200 
(1.01) 


400 
(2.03) 


600 
(3.07) 


800 
(4.06) 


1000 
(5.07) 


6 Junctlon-to-Case 
(Case measured as 
shown in Figure 4) 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 




ejA 








[_1 




eCase-to-Ambient 
(No Heatsink) 


17 


14 


11 


9 


7.1 


6.6 




uuu' — 


-^uuu 




6 Case-to-Ambient 
(With Heatsink)* 


13 


9 


5.5 


5 


3.9 


3.4 





NOTES: 

1 . This table applies to 80960CF PGA plugged Into socket or soldered directly to board. 

2. GjA = 6jc + Qqa 

*0.285" high unidirectional heatsink (Al alloy 6061 , 50 mil fin width, 150 mil center-to-center fin spacing). 



3.5 Stepping Register Information 

Upon reset, register gO contains die stepping infor- 
mation (Figure 5). The most significant byte contains 
ASCII 0; the upper middle byte contains an ASCII C; 
the lower middle byte contains an ASCII F. The least 
significant byte contains the stepping number in 
ASCII. gO retains this Information until it is oven^rit- 
ten by the user program. Table 10 contains a cross 
reference of the number in the least significant byte 
of register gO to the die stepping number. 



ASCII 
DECIMAL 






1 


GO 


43 


46 


Stepping Number 





C 


F 


Stepping Number 


MSB 




LSB 



Figures. Register gO 
Table 10. Die Stepping Cross Reference 



go Least Significant Byte 


Die Stepping 


01 


A 


02 


B 


03 


C 


04 


D 


05 


E 



3.6 Sources for Accessories 

The following is a list of suggested sources for 
80960CF accessories. This is neither an endorse- 
ment or a warranty of the perfonnance of any of the 
listed products and/or companies. 

Sockets 

1. 3M Textool Test and Interconnection Products 
P.O. 80x2963 

Austin, TX 78769-2963 

2. Augat, Inc. interconnection Products Group 
33 Perry Avenue, P.O. box 779 
Attleboro, MA 02703 

(508) 699-7646 

3. Concept Mfg, Inc. Decoupling Sockets) 
41 484 Christy Street 

Fremont, CA 94538 
(415)651-3804 

Heatsinks/Fins 

1. Thermalloy, Inc. 

2021 West Valley View Lane 

Dallas, TX 75234-8993 

(214) 243-4321 FAX: (214) 241-4656 

2. EG&G Division 
60 Audubon Road 
Wakefield, MA 01880 
(617)245-5900 
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4.0 ELECTRICAL SPECIFICATIONS 

4.1 Absolute Maximum Ratings 



Parameter 



Maximum Rating 



Storage Temperature , 

Case Temperature UrKier Bias ... 

Supply Voltage wrt. Vss 

Voltage on Other Pins wrt. Vss • 



-65°Cto+160®C 

-65®Cto+110°C 

-0.5V to + 6.5V 

..~0.5VtoVcc + 0.5V 



NOTICE: This data sheet contains information on 
piXKiucts in the sampling and initial production 
phases of devebpment. It is valid for the devices 
indicated in the revision history. The specifications 
are subject to change without notice. 



*WARNINQ: Stressing the device beyond the 
"Absolute Maximum Ratings" may cause perma- 
nent damage. These are stress ratings only. Opera- 
tton beyond the "Operating Condltbns" Is not 
recommended and extended exposure beyond the 
"Operating Conditions'' may affect device reliability. 



4.2 Operating Conditions 



Table 11. Operating Conditions (80960CF-40) 



Symbol 


Parameter 


Min 


Max 


Units 


Notes 


Vcc 


Supply Voltage 80960CF-40 


4.75 


5.25 


V 




tLK2x 


input Clocl< Frequency (2-x Mode) 80960CF-40 





80 


MHz 




^CLKIx 


Input Clock Frequency (1 -x Mode) 80960CF-40 


8 


40 


MHz 


(1) 


To 


Case Temp Under Bias, PGA Pkg. 80960CF-40 





85 


OC 






NOTES: 

1 . When in the 1 -x input clock mode, CLKIN is an input to an internal phase-locked loop and must maintain 
a minimum frequency of 8 MHz for proper processor operation. However, in the 1-x mode, CLKIN m ay 
still t)e stopped when the processor Is in a reset condition. If CLKIN is stopped, the specified RESET low 
time must be provided once CLKIN restarts and has stabilized. 



4.3 Recommended Connections 

Power and ground connecttons must be made to 
multiple Vcc and Vss (GND) pins. Every 80960CF- 
based circuit board shoukj Include power (Vcc) a*^ 
ground (Vss) planes for power distribution. Every 
Vcc pin must be connected to the power plane, and 
every Vss P'n must be connected to the ground 
plane. Pins klentified as "NC must not be con- 
nected in the system. 

Liberal decoupling capacitance should be placed 
near the 80960CF. The processor can cause tran- 
sient power surges when Its numerous output buffers 
transition, particularly when connected to large 
capacitive bads. 

Low inductance capacitors and interconnects are 
recommended for best high frequency electrical per- 
fOHDance. Inductance can be reduced by shortening 
the board traces between the processor and decou- 



pling capacitors as much as possible. Capacitors 
specifically designed for PGA packages will offer the 
lowest possible inductance. 

For reliable operation, always connect unused inputs 
to an appropriat e sig nal level. In p articula r, any 
unused intermpt (XINT. NMI) or DMA (DREQ) input 
should be con nected to Vcc through a pull-up resis- 
tor, as should BTERM if not used. Pull-up resistors 
should be in the In th e range of 20 KQ for each pin 
tied high. If READY or HOLD are not used, the 
unused input should be connected to ground. N.C. 
pins must always remain unconnected. For addi- 
tional Information refer to the I96d^ Cx Microproces- 
sor User's Guide (#270710). 
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4.4 DC Specifications 

Table 12. DC Characteristics 



(80960CF 


-40 under the conditions descritMd in Section 4 


.2, Operatir 


p Conditlor 


«•) 




Symbol 


Psrsmotor 


Min 


Max 


Units 


Notes 


V,L 


Input Low Voltage for all pins except RESET 


-0.3 


+0.8 


V 




V|H 


Input High Voltage for all pins except RESET 


2.0 


Vcc + 0.3 


V 




V 


Output Low Voltage 




0.45 


V 


Iql = 5 mA 


VOH 


Output High Voltage Iqh = -1 mA 
Iqh = - 200 jiA 


2.4 
Vcc-0.5 




V 
V 




V,LR 


Input Low Voltage for RESET 


-0.3 


1.5 


V 




V,HR 


Input High Voltage for RESET 


3.5 


VC5C + 0.3 


V 




■ui 


Input Leakage Cun^ent for each pin except 




±16 


MA 


0^V,N^Vcc(1) 


BTERI\/I, ONCE, DREQ3:0, STEST. 


EOP3:0/TC3:0, NMI, XiNT7:0. BOFF. READY, 
HOLD, CLKMODE 


Iliz 


Input Leakage Current for: 





-300 


MA 


V,N = 0.45V(2) 


BTERM. ONCE, DREQ3:0, STEST, 


EOP3:0/rC3:0, NMI, XINT7:0, BOFF 


IlI3 


Input Leakage Current for: 





500 


MA 


V,N = 2.4V (3,7) 


READY, HOLD, CLKMODE 


Ilo 


Output Leakage Current 




±15 


MA 


0.45^VouT^Vcc 


Ice 


Supply Current (80960CF-40): 

Ice Max 
•ccTyp 




1150 
1000 


mA 
mA 


(4) 
(5) 


'once 


ONCE-mode Supply Current 




200 


mA 




C,N 


input Capacitance for: 
CLKIN, RESET ONCE, 





12 


PP 


Fc=1 MHz 


READY, HOLD, DREQ3:0, BOFF, 
XINT7:0, NMI, BTERM, CLKMODE 


CoUT 


Output Capacitance of each output pin 




12 


PF 


Fc=1 MHz (6) 


c^ 


I/O Pin Capacitance 




12 


PF 


Fc = 1 MHz 



NOTES: 

1. 

2. 

3. 

4. 



No puiiup or pulldown. 

These pins have internal puiiup resistors. 

These pins have internal pulldown resistors. 

Measured at worst case frequency, Vqq and temperature, with device operating and outputs loaded to 

the test conditions described in Section 4.5.1, AC TEST CONDITIONS. 

Ice Typical Is not tested. 

Output Capacitance is the capacitive load of a flo ating ou tput. 

CLKMODE pin has a pulldown resistor only when ONCE pin is deasserted. 
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4.5 AC Specifications 



(80960CF- 


Table 1 3. 80960CF AC Characteristics (40 MHz) (Sheet 1 of 2) 
40 only, per the conditions In 4.2 Operating Conditions and 4.5.1 AC TEST CONDITIONS.) 


Symbol 


Parameter 


Min 


Max 


Units 


Notes 


Input Clock (1,9) 


Tf 


CLKIN Frequency 





80 


MHz 




Tc 


CLKIN Period In 1-x Mode (f clkix) 
ln2.xMode(fcLK2x) 


25 
12.5 


125 

eo 


ns 
ns 


(11) 


Tcs 


CLKIN Period Stability In 1-x Mode (f clkix) 




±0.1% 


A 


(12) 


TcH 


CLKIN High Time In 1 -x Mode (f clkix) 
ln2-xMode(fcLK2x) 


5 
5 


62.5 


ns 
ns 


(11) 


TCL 


CLKIN Low Time In 1 -x Mode (f qlki x) 
ln2-xMode(fcLK2x) 


5 
5 


62.5 


ns 
ns 


(11) 


TCR 


CLKIN Rise Time 





6 


ns 




TCF 


CLKIN Fall Time 





6 


ns 




Output Clocks (1.8) 1 


TcP 


CLKIN to PCLK2:1 Delay In 1 -x Mode (f clkix) 
In 2-x Mode (f cLK2x) 


-2 
2 


2 
25 


ns 
ns 


(3,12) 
(3) 


T • 


PCLK2:1 Period In 1-x Mode (f clkix) 
In 2-x Mode (f clk2x) 


Tc 
2Tc 


ns 
ns 


(12) 
(3) 


TPH 


PCLK2:1 High Time 


(T/2)-2 


T/2 


ns 


(12) 


TPL 


PCLK2:1 Low Time 


(T/2)-2 


T/2 


ns 


(12) 


TpR 


PCLK2:1 Rise Time 


1 


, 4 


ns 


(3) 


TPF 


PCLK2:1 Fall Time 


1 


4 


ns 


(3) 


Synchronous Outputs (8) | 


ToH 

Tov 


Output Valid Delay, Output Hold 

ToHl.Tovi A31£ 
ToH2» Tov2 BE3:0 
T0H3. ■''0V3 ADS 
ToH4.ToV4 , W/R 
ToH5.Tov5 D/C. SUP, DMA 
T0H6.T0V6 BLAST, WAIT 
ToH?' Tov7 DEN 
T0H8.T0V8 HOLDA, BREQ 
T"OH9t Tov9 LOCK 
T0HIO.T0VIO DACK3:0 
TOHII.T0VII D31|0 
T0H12. T0V12 D™ 
T0H13. T0V13 FAIL 
T0H14. T0V14 EOP3:0/TC3:0 


3 

3 > 
6 
3 
4 
5 
3 
4 
4 
4 
3 
T/2 + 3 
2 
3 


14 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
T/2 + 14 
14 
16 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


(6,10) 
(6,10) 


TOF 


Output Float for all outputs 


3 


22 


ns 


(6) 




NOTES: 

See Table 14 (following this table) for all notes related to AC specifications. 
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Table 1 3. 80960CF AC Characteristics (40 MHz) (Sheet 2 of 2) 
(80960CF-40 only, per the conditions In 4.2 Operating Conditions and 4.5.1 AC TEST CONDITIONS.) 


Symbol Parameter Min 


Max 


Units 1 Notes [ 


Synchronous Inputs (1 .d, 1 0) | 


T|S 


Input Setup 

T|si D31:0 
T,s2 BOFF 
T,s3 BTERM/READY 
T,s4 HOLD 


3 
15 
7 
5 




ns 
ns 
ns 
ns 




T|H 


Input Hold 

T|H2 BOFF 
T|H3 BTERM/READY 
T|H4 HOLD 


5 
5 
2 
3 




ns 
ns 
ns 
ns 




Relative Output Timings (1 ,2,3,8) | 


Tavshi 


A31:2VlaHd to AD§ Rising 


T-4 


T + 4 


ns 




TaVSH2 


BE3:0, W/R, SUP, D/C, DMA, DACK3:0 Valid to ADS Rising 


T-6 


T+6 


ns 




Taveli 


A31:2V^lid to DEN Falling 


T-4 


T + 4 


ns 




*TaVEL2 


BE3:0, W/R. SuP, INST,DMA, DA6K3:0 Valid to DEN Falling 


T-6 


T + 6 


ns 




Tnlqv 


WAIT Falling to Output Data Valid 


±6 


ns 




Tdvnh 


Output Data Valid to WAIT Rising 


N*T-6 N*T+6 


ns 


(4) 


Tnlnh 


WaIt Falling to WAIT Rising 


N*T±4 


ns 


(4) 


Tnhqx 


Output Data Hold after WAIT Rising 


(N+1)*T-8 


(N+1)*T+6 


ns 


(5) 


Tehtv 


DT/R Hold after DEN High . 


T/2-7 


ee 


ns 


(6) 


Ttvel 


DT/R Valid to DEN Falling 


T/2-4 




ns 




Relative Input Timings (1 ,2,3) | 


T|S5 


RESET Input Setup (2-x Clock Mode) 


6 




ns 


(13) 


T|H5 


RESET Input Hold (2-x Clock Mode) 


5 




ns 


(13) 


T.S6 


DREQ3:0 Input Setup 


12 




ns 


(7) 


T|H6 


DREQ3:0 Input Hold 


7 




ns 


(7) 


T|S7 


XINT7:0. NMI Input Setup 


7 




ns 


(15) 


TiH7 


XINT7:0, NMI Input Hold 


3 




ns 


(15) 


T|S8 


RESet Input Setup (1-x Clock Mode) 


3 




ns 


(14) 


T|H8 


RESET Input Hold (1-x Clock Mode) 


T/4+1 




ns 


(14) 



NOTES: 

See Table 14 (following this table) for all notes related to AC specifications. 
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Table 14. AC Characteristics Notes 



NOTES: 

1 . See Section 4.5.2, AC TiMiNG WAVEFORMS for waveforms and definitions. 

2. See Figure 1 5 for capacitive derating information for output delays and liold times. 

3. See Rgure 16 for capacitive derating infbmnation for rise and fall times. 

4. Where N is the n umber of Nrad* I^rdd> I^wad or Nwdd wait states that are programmed in the Bus Control- 
ler Regton Table. WAIT never goes acti ve when there are no wait states In ah access. ^ 

5. N = Number of .wait states Inserted with READY. 



6. Output Data and/or DT/R may be driven indefinitely following a cyde If there Is no subsequent bus activity. 

7. Since asynchronous Inputs are synchronized Intemally by the 80960CF, they have no required setup or 
hold times to be recognized and for proper operation. However, to guarantee recognition of the Input at a 
particular edge of PCLK2:1 , the setup times shown must be met. Asynchronous Inputs must be active for 
at least two consecutive PCLK2:1 rising edges to be seen by the processor. 

8. These specifications are guaranteed by the processor. 

9. These specifications must be met by the system for proper operation of the processor. 

10. This timing is dependent upon the loading of PCLK2:1 . Use the derating curves of Section 4.5.3, DERAT- 
ING CURVES to adjust the timing for PCLK2:1 loading. 

11 . In the 1-x Input clocl( mode, the maximum input clock period is limited to 125 ns while the processor is 
operating. When the processor is In reset, the input clock may stop even in T-x mode. 

12. When In the 1-x Input clock mode, these specifications assume a stable input clock with a period variation 
of less than ± 0.1 % betwee n adjacent cycles. 

13. in 2-x dock mode, RESET Is an asynchronous input which has no required setup and hold time for proper 
operatio n. However, to guarantee the device exits reset synchronized to a particular dock edge, the 
RESET pin must meet setu p and hold times to the falling edge of the CLKIN. (See Figure 21 .) 

14. In 1-x dock mode, RESET is an asynchronous input which has no required setup and hold time for proper 
operatio n. However, to guarantee the device exits reset synchronized to a particular dock edge, the 
RESET pin must meet setup and hold times to the rising edge of the CLKIN. (See Figure 22.) 

15. The interrupt pins are synchronized intemally by the 80960CF. They have no required setup or hold times 
for proper operation. These pins are sampled by the intenxipt controller every other clock and must be 
active for at least three consecutive PCLK2:1 periods when asserting them asynchronously. To guarantee 
recognition at a particular dock edge, the setup and hold times shown must be met for two consecutive 
PCLK2:1 falling edges. 
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4.5.1 AC TEST CONDITIONS 

The AC Specifications in Section 4.5 are tested with 
the 50 pF load shown in Figure 6. Figure 15 shows 
how timings vary with load capacitance. 

Specifications are measured at the 1.5V crossing 
point, unless othenvise indicated. Input waveforms 
are assumed to have a rise and fall time of :^ 2 ns 
from 0.8V to 2.0V. See Section 4.5.2, AC TIMING 
WAVEFORMS for AC specification definitions, test 
points and lllustFations. 



Output P^ 



1 



Cl = 50 pF for all signals 



Figures. AC Test Load 



4.5.2 AC TIMING WAVEFORMS 




Figure 7. Input and Output Clocks Waveform 




Figures. CL KIN Waveform 
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PCLK2:1 



Outputs 



Outputs 



-X-1.5V \ 1.5V -nt- 




F_CX011A 



NOTES: 

1. Tqv Tqh - OUTPUT DELAY - Maximum output delay is referred to as Output Valid Delay (Tqv); mini- 
mum output delay is referred to as Output Hold (Toh)- 

2. Tqf - OUTPUT FLOAT DELAY - Output float condition occurs when the maximum output current 
becomes less that l|,o in magnitude. 




Figure 9. Output Delay and Float Waveform 



PCLK2:1 



Inputs : 



(READ Y HOLD. BTERM . 
BOFF, DREQ3:0, 
D31:0on reads) 



[ 



f 



-1.5V \ -^-1.5V \ -^1.5V 




NOTES: 

1 . t|s T|H - INPUT SETUP AND HOLD - The input setup and liold requirements specify the sampling win 
dow during which synchronous inputs must be stable for correct processor operation. 
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Figure 10. Input Setup and Hold Waveform 
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PCLK2:1 



NMI, XINT7:0 



J- 15V / -J- 1.5V / -r1.5Y 



[ 



1.5V 




•1.5VI 



F_CX013A 



Figure 11. NMI, XINT7:0 Input Setup and Hold Waveform 



PCLK2: 



Outputs: 



A31:2. D31:0,B E3:0, P" 
S, BLAS T. WA I T. W/R . 

DT/R DFN LOCK I — 



ADS. BLAS T 

DT/R, D EN, LOCK, 
D/C, SUP, DMA 



HOLD 




L 'rim ^r imi!l 




HOLDA 

NOTES: 

^ ' Tqv Tqh - OUTPUT DELAY - Maximum output delay Is referred to as Output Valid Delay (Tqv); minimum 
output delay is referred to as Output Hold (Tqh)- 

2. Tqf - OUTPUT FLOAT DELAY - Output float condition occurs when the maximum output current 
becomes less that li,o in magnitude. 

3. T|s T|H - INPUT SETUP AND HOLD - The Input setup and hold requirements specify the sampling win- 
dow during which synchronous inputs must be stable for correct processor operation. 



Figure 12. Hold Acknowledge Timings 
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PCLK2:1 



Outputs ; 
A 31:i 
AD§,§LA§TJ 
DT/R, 

D/S,SDP,DMA 



55PF 



Figure 13. Bus Backoff (BOFF) Timings 



A31:2. BE3:0 . 

W/R.I 

SUP. D/C. DMA 





Figure 1 4. Relative Timings Waveforms 
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4.5.3 DERATING CURVES 






a- 
o 




All outputs except: LOCK, 
- DMA, SUP, BREQ. D ACK3:0, 
EOP3:0/TC3:0, FAIL 



■ LOCK, DMA, SUP, BREQ , 

DACK3:0, EOP3:0/TC3:0, FAIL 



Note: PCLK Load = 50pF 



Figure 15. Output Delay or Hold vs. Loed Capacitance 




Cl(PF) 50 




Cl(pF) 50 



100 



150 



a) All outputs except: LOC K. DMA. SUP, HOLDA, BREQ 
DACK3:0, EOP3:0n'C3:0, MI 



- b) LOCK, DMA , SUP, HOLDA, BREQ, DACK3:0, 
EOP3:0/TC3:0, FML F_CX019A 



Figure 16. Rise and Fall T|me Derating at Highest Operating Temperature and iMinimum V^c 















1100 














Tc = 0°C 








f 




^^^-<:^^^^ 


TC = 85''C 




Ice " 'cc under test conditions 


3 




-'^^^^^^^ 



















F_CX020A 







fpCLK(MH2) 




40 



Figure 1 7. i^^ vs. Frequency and Temperature 
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5.0 RESET, BACKOFF AND HOLD 
ACKNOWLEDGE 

Table 15 lists the condition of each processor output 
pin while RESET is asserted (low). Table 16 lists the 
condition of each processor output pin wNle HOLDA 
is asserted (high). 

in Table 15, with regard to bus output pin state only, 
the Hold Actcnowledge state talces prec edence o ver 
the reset state. Although asserting the RESET pin 
internally resets the processor, the processor's bus 
output pins do not enter the reset state if Mold 
Acknowledge has been granted to a previous HOLD 
request (HOLDA Is active). Furthennore, the proces- 
sor grants new HOLD requests and enters the Hold 
Acknowledge state even while in reset. 

For example, if HOLD is asserted while HOLDA is 
inactive and the processor is in the reset state, the 
processor's bus pins enter the Hold Acknowledge 
state and HOLDA is granted. The processor Is not 
able to perfomn memory accesses until the HOLD 
request is removed, even if the RESET pin Is 
brought high. This operation is provided to simplify 
boot-up synchronization among multiple processors 
sharing the same bus. 



Table 15. Reset Conditions (Sheet 1 of 2) 


Pins 


State During Reset 
(HOLDA inactive) 


A31:2 


Floating 


D31:0 


Floating 


BE3:0 


Driven high (Inactive) 


W/R 


Driven low (Read) 


ADS 


Driven high (Inactive) 


WAIT 


Driven high (Inactive) 


BLAST 


Driven low (Active) 


DT/R 


Driven low (Receive) 


DEN 


Driven high (Inactive) 


LOCK 


Driven high (inactive) 


BREQ 


Driven low (Inactive) 


D/C 


Floating 


DMA 


Floating 



Table 15. Reset Conditions (Sheet 2 of 2) 



Pins 


State During Reset 
(HOLDA Inactive) 


SUP 


Floating 


FAIL 


Driven low (Active) 


DAGK3:0 


Driven high (Inactive) 


EOP3:0/TC3i0 


Floating (Set to input mode) 


and Backoff Conditions 


Pins 


State During HOLDA 


A31:2 


Floating 


D31:0 


Floating 


BE3:0 


Floating 


W/R 


Fbating 


ADS 


Floating 


WAIT 


Floating 


BLAST 


Floating 


DT/R 


Floating 


DEN 


Floating 


LOCK 


Floating 


BREQ 


Driven (High or low) 


D/C 


Floating 


DMA 


Floating 


SUP 


Floating 


FAIL 


Driven high (Inactive) 


DACK3:0 


Driven high (Inactive) 


EOP3:0/TC3:0 


Driven (If output) 
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6.0 BUS WAVEFORMS 



z 
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o 
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is 
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Figure 18. Cold Reset Waveform 
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I 

OiiO 



•Till 



n 



8 

i 



1 ( i 



I i I t t i 



PCLK2:1 



ADS. 



[ AAAAAAAAAAAAAAAf 



s. r 

LOCK. WAIT. 
DEN, DACK3:0 '" 



W/R. DT/R, 
BREQ. 



SUP, r 

DMA. A31:2. 
D/C,BE3:0 *- 

D31:0. 
EOP/TC3:0 



STEST 



RESET 



[ 



I I > 

i i ) i 

> .. « . U. ' .. » 



rjonaDDc 



* I « I 
i i i i 



FAIL L -AA-iJ-XJlpLA^^ 



I i I 
i i ) 



rxxTTXT 



till 



[ jDonacrj 



-^ — \^ 



Tdelay 

ipdu: 



-*•— iJ*- — ♦ 



IH- 

•* — I — Ih- 



-4.— n*. 




ThoW 
1PCLK 



-J \U^ 



I 



■<z 




RESET High to First Bus Actlyitv, 
Approximately 32 PCLK Periods 



Minimum reset Low Time 
16 PCLK Periods 



I 



CO 
CO 



00 

o 
<o 
o> 

o 
O 




CO 



5^ 
1 

01 



■iSl 
@ 
5a( 



s 



CLKIN may not float, it must t>e 
driven high or low or continue to run 



CLKIN 




PCLK2:1 [ 



ADS. BE3:0.A31:2. 

D31 :0. LOCK. WAIT. 

BLASJ.W/R, D/C, DEN, 

DT/R. HOLD. H OLDA. r 

BLA ST. FAIL. SUP.6REQ. 

DMA. EOP3:0/TC3:0 .^ 

S TEST. XINT7:0. NMI. 

DA CK3:0. DREO3:0 

READY. BTERM 



to Outputs Valid, maximum 
32 CLWN Periods. 



.../^7uVA/\A^ 



Maximum 32 CLKIN Periods 
Inquired atter ONCE Mode entered 




CLKIN a nd Vcc Stable and RESET low and ONCE low to> 
RESET high, minimum 32 CLKIN Periods in 2x Mode, 
10,000 CLKIN Periods in 1x Mode. 
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CLKIN 




- -1.5^ 



RESET 



[, 



1.5V/ 



1.5V\ 



I T|H T|s 

I 1.5V JmV-1.5V I 



PCLK2: 

(Case 1) 



'-[. 



Maxi 



PCLK2: 
(Case 2) 



1.5V 



Tcp' 



Max 

Min -^TcpMax- 



'[T: \Miit 




Note: Case 1 and Case 2 show two possible polarities of PCLK2:1 




Figure 21 . Clock Synchronization in the 2-x Ciocic Mode 



T|H Tis 



c^3r 



LIWVJVMWMV 



RESET 



Note: In 1x clock mode, the RESET pin is actually sampled on the fallin g edge o f 2xCLK. 2xCLK is an internal signal 
generated by the PL L and is not available on an external pin. Therefore. RESET is specified relative to the rising 
edge of CLKIN. The RESET pin is sampled when PCLK Is high. 
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Figure 22. Ciocl€ Synchronization in the 1-x Ciocic Mode 
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Function 




«M9 . fPipe- Y^,?^®'!?®'' 

Width I Nwoo NwAp NxDA Nrdd Nrao Lining ^J^fV, 0"^*^ 



^ ~s2^ '^ > A/^S/xo : OPP Disabled Disabled! 

- VOOOOOJ V . 00 Jv XX JV.OOOOOJV. J^ Jv J 



PCLK 



ADS 



[. 



M ^ u A J D A J D 



A31:4. SUP. 

DMA. D/C, 

BE3:0, LOCK 



W/R 



/ 



Valid 



BLAST 



DT/R 



DEN 



A3:2 



WAIT 



D31:0 




\ 



\ 



I 



r\ 



Valid 



I 



I 



r\ 



c 



C i---f--(4---j-r^-j---(y)- ^ 



I 



I 
L 



f 



r 



Figure 23. Non-Burst, Non-Pipelined Requests Wittiout Wait States 
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Function 

Bit 

Value 



"V 



Byte 
Older 



Bus 
Width 



V — V 

NyvOD 



Pipe- 
Lining 



Ready 
Control 



Disabled Disablecl 



PCLK 



L 



O/WWAj^ 



A3 2 1 D 1 

I I I ! 1 



A31:2. 



W/?^ 



blaSt 



DT/R 



DEN 



5m a, D/g. 
lUP.COCK 



WAIT 



D31:0 



I ! ! i_ 



I I I 




V 



n 




Figure 24. Non-Burst, Non-Pipelined Read l^equest Wtth Wait States 
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Function 
Bit 




FYITY — Y — Y — Y — Y — Y'^^T/?^ 



Width 



NwoD 



NwAO 



,, , I X X X 3 1 X X I OFF iDlsabledlDisabled 

Value V^o oJ V . X A A XX J V . xx AooonA oi A xx AxxxxxxA o JV^ o JV. o J 



Lining 



Ready 
Control 



PCLK 



C'WAiW^'li 



A 3 

1 ! 



D 1 

I I 



^L'VJ 



aa r y 

BE3:0 L A 

w/S |_ __/ 



DT/R 



DEN 



SUP, DMA, 
D/C, LOCK 






WAIT 
D31:0 



A 



\ 



V 



Valid 



Uf 



^ 



Valid 



Out 



>-■- 



I 



F.CX028A 



Figure 25. Non-Burst, Non-Pipelined Write Request With Wait States 
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Function 




V — Y — Y 



NwDD NwAD 



w I X 32.Bit X X OFF Disabled Enabled 

Value V .0..0 A X A A io A xx AxxxxxA 00 A 00 AoooooA J \ : ! / l 1 J 



NXDA 



NRAb 



Pipe- External 



^ — \ 



PCLK 



c. 



^VAA-An.^ 



i i I I 



^L'\J 




Valid 



\ 



\ 



00 



WAIT 



D31:0 



TUU. 



\ 
I 
l 



I 



n 



c 

' I I I I I I 
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Figure 26. Burst, Non-Pipelined Read Request Without Walt States, 32-Bit Bus 
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PCLK 



A31:4,SUP, 
MK, D/C, 



A 2 1 

I I I r 



1 D 1 D 1 D . 1 

I I I 1 ! 



i: AAA/WWVWVV 

u 




u 



if 



XZDCZDC 



c 



L 



till! 



'■f\lf\J\lf 



I I I I t 



D31:0 



_;-.4— ^^-^-Q.^-^4-{j^ 



t I i 



r 



F_CX030A 



Figure 27. Burst, Non-Pipelined Read Request With Wait States, 32-Bit Bus 
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Figure 28. Burst, Non-Pipel(ned Write Request Without Wait States, 32-Bit Bus 
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Figure 29. Burst, Non-Pipelined Write Request With Wait States, 32-Bit Bus 
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Figure 30. Burst, Non-Pipelined Read Request WItti Walt States, 16-Bit Bus 
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Figure 31 . Burst, Nqn-Pipelined Read Request With Wait States, 8-Bit Bus 
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Figure 32. Non-Burst, Pipelined Read Request Witliout Wait States, 32-Bit Bus 
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Figure 33. Non-Burst, Pipelined Read Request With Wait States, 32-Bit Bus 
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Figure 34. Burst, Pipelined Read Request Without Wait States, 32-Blt Bus 
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Figure 35. Burst, Pipelined Read Request With Wait States, 32-Bit Bus 
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Figure 36. Burst, Pipelined Read Request With Wait States, 16-Bit Bus 
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Figure 37. Burst, Pipelined Read Request With Wait States, 8-Bit Bus 
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Figure 38. Using External READY 
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Figure 39. Terminating a Burst with BTERIM 
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Figure 40. BOFF Functional Timing 
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Figure 41. HOLD Functional Timing 
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Figure 43. EOP Functional Timing 
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Figure 44. Terminal Count Functional Timing 
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Figure 45. FAIL Functional Timing 
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Figure 46. A Summary of Aligned and Unaligned Transfers for Little Endian Regions 
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Figure 47. A Summary of Aligned and Unaligned Transfers for Little Endian Regions (Continued) 
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Figure 48. Idle Bus Operation 
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1.0 PURPOSE 

This document provides advance information for the 
80960JA/JF microprocessor, including targeted 
electrical characteristics and package pinout Infor- 
mation. Detailed functional descriptions— other than 
parametric performance— will be published in the 
i960® Jx Microprocessor User's Guide (272483). 



2.0 80960JA/JF OVERVIEW 

The 80960JA/JF, a new member in the family of 
embedded i960® processors, provides a new set of 
essential enhancements for an emerging class of 
high-performance embedded applications. The 
80960JA/JF is object code compatible with the 
32-bit 80960 Core Architecture and is capable of 
sustained execution at the rate of one instruction per 
clock. This processor's features include a larger in- 
struction cache, data cache and Increased data 
RAM. It also boasts a fast Interrupt mechanism, dual 
programmable timer units and new instructions. 

Memory subsystems for cost-sensitive embedded 
applications often impose substantial wait state pen- 
alties. The 80960JA/JF integrates generous storage 
resources on-chip to decouple CPU execution from 
the external bus. 

The 80960JF includes a 4 Kbyte instruction cache 
and a 2 Kbyte data cache. For greater economy, the 
80960JA includes a 2 Kbyte instruction cache and a 
1 Kbyte data cache. Both processors include a 
1 Kbyte data RAM. 

An eight-set stack frame cache allows the processor 
to rapidly allocate and deallocate local registers dur- 
ing context switches. 

A 32-bit multiplexed burst bus provides a high-speed 
interface to system memory and I/O. A full comple- 
ment of control signals simplifies the connection of 
the 80960 J A/ J F to external components. The user 
program^s physical and logical memory attributes 
through memory-mapped control registers 
(MMRs) — an extension not found on the i960 Kx, Sx 
or Cx processors. Physical and logical configuration 
registers enable the processor to operate with all 
combinations of bus width and data object align- 
ment. The processor supports a homogeneous byte 
ordering model. 



This processor integrates two important peripherals: 
a timer unit and an interrupt controller. These and 
other hardware resources are programmed through 
memory-mapped control registers, a user-friendly ar- 
chitectural extension. 

The timer unit (TU) contains two independent 32-bit 
timers which are capable of counting at several 
clock rates and generating interrupts. Each is pro- 
grammed by use of the Timer Unit registers. ThesQ 
registers are memory-mapped within the 
80960JA/JF, addressable on 32-bit boundaries. The 
timers have a single-shot mode and auto-reload ca- 
pabilities for continuous operation. Each timer has 
an independent interrupt request to the 80960JA/ 
JF's interrupt controller. The TU can generate a fault 
when unauthorized writes from user mode are de- 
tected. 

The interrupt controller unit (ICU) provides a flexible, 
low-latency means for requesting interrupts. It pro- 
vides full programmability of up to 240 interrupt 
sources into 31 priority levels. The ICU takes advan- 
tage of a cached priority table, dedicated local regis- 
ters and optional routine caching to minimize inter- 
rupt latency. Acting independently from the core, the 
ICU compares the priorities of posted Interrupts with 
the current process priority, off-loading this task 
from the core. The ICU also supports the Integrated 
timer interrupts. 

The 80960JA/JF features a Halt mode designed to 
support applications where low power consumption 
is critical. The halt instruction lets you shut down the 
processor, resulting in a power savings of approxi- 
mately 90 percent. 

The 80960 J A/ JF's testability features, including 
ONCE (On-Circuit Emulation) and Boundary Scan 
(JTAQ), create a powerful environment for design 
debug and fault diagnosis. 

The Soiutions960® program features a wide variety 
of development tools that support the i960 proces- 
sor family. Many of these tools are developed by 
partner companies; some are developed by Intel, 
such as profile-driven optimizing compilers. For 
more information on these products, contact your 
local Intel representative. 
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Figure 2. 80960JA/JF Block Diagram 



2.1 80960 Processor Core 

The 80960 J A/ J F microprocessor is a new, scalar 
implementation of the 80960 Core Architecture. Intel 
designed it to be a very high performance device 
that is also cost-effective. Factors that contribute to 
the core's performance include: 

• Single-clock execution of most instructions 

• Independent Multiply/Divide Unit 

• Efficient instruction pipeline minimizes pipeline 
break latency 

• Register and resource scoreboarding allow over- 
lapped instruction execution 

• 1 28-bit register bus speeds local register caching 



• Two-way set associative, integrated instruction 
cache (80960JF is 4 Kbyte; 80960JA is 2 Kbyte) 

• Direct-mapped, integrated data cache (80960 J F 
is 2 Kbyte; 80960JA is 1 Kbyte) 

• 1 Kbyte Integrated data RAM delivers zero wait 
state program data 

2.2 Burst Bus 

A 32-bit high-performance bus controller interfaces 
the 80960 J A/ J F to external memory and peripher- 
als. The Bus Control Unit fetches instructions and 
transfers data at the rate of up to four 32-bit words 
per six clock cycles. The external address/data bus 
is multiplexed. 
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Users may configure the memory space for physical 
and logical characteristics to match an applipation's 
requirements. Physical bus width is register pro- 
grammed for up to eight regions. Byte ordering and 
data caching are programmed through a group of 
logical memory templates and a defaults register. 

The Bus Control Unit's features include: 

• Multiplexed external bus to minimize pin count 

• 32-, 16- and 8-bit bus widths to simplify I/O inter- 
faces 

• External ready control for address-to-data, data- 
to-data and data-to-next-address (recovery) wait 
states 

• Support for Big or Little Endian byte ordering to 
facilitate the porting of existing program code 

• Unaligned bus accesses performed transparently 

• Three-deep load/store queue to decouple the 
bus from the core 

Upon reset, the 80960JA/JF conducts an internal 
self test. Then, before executing Its first instruction, it 
performs an external bus confidence test by per- 
forming a checksum on the first words of the Initiali- 
zation Boot Record. 

While the processor is running, the user may exam- 
ine the contents of the caches by issuing special 
cache control instructions. 



2.3 Timer Unit 

The timer unit offers two independent 32-bit timers 
for use as real-time system clocks and general pur- 
pose system timing. These operate in either single- 
shot or auto-relbad mode and can generate inter- 
rupts to the core. Clock prescaling is supported. 



2.4 Priority Interrupt Controller 

A programmable interrupt controller manages up to 
240 external sources through an 8-bit external inter- 
rupt port. Alternatively, the interrupt inputs may be 
configured for individual edge- or level-triggered in- 
puts. The Interrupt Unit also accepts interrupts from 
the two on-chip ti mer c hannels and a single Non- 
Maskable Interrupt (NMI) pin. Interrupts are serviced 
according to their priority levels relative to the cur- 
rent process priority. 



Low interrupt latency is critical to many embedded 
applications. As part of its highly flexible interrupt 
mechanism, the 80960 J A/ J F exploits several tech- 
niques to minimize latency: 

• Interrupt vectors and interrupt handler routines 
can be cached on-chip 

• Register frames for high-priority interrupt han- 
dlers can be cached on-chip 

• The interrupt stack can be placed in cacheable 
memory space 

2.5 Instruction Set Sumnfiary 

The 80960JA/JF adds several new instructions to 
the I960 core architecture. Table 1 shows all Instruc- 
tions that are available. The new instructions are: 

• Conditional Move 

• Conditional Add 

• Conditional Subtract 

• Byte Swap 

• Halt 

• Cache Control 

• Interrupt Control 

2.6 Faults and Debugging 

The 80960JA/JF employs a comprehensive fault 
model. The processor responds to faults by making 
implicit calls to a fault handling routine. Specific in- 
formation collected for each fault allows the fault 
handler to diagnose exceptions and recover appro- 
priately. 

The processor also has built-in debug capabilities. In 
software, the 80960JA/JF may be configured to de- 
tect as many as seven different trace event types. 
Alternatively, mark and fmark instructions can gen- 
erate trace events explicitly in the instruction stream. 
Hardware breakpoint registers are also available to 
trap on execution and data addresses. " 

2.7 Low Power Operation 

Intel fabricates the 80960 J A/ J F using an advanced 
sub-micron manufacturing process. The processor's 
sub-micron topology provides the circuit density for 



1-396 



/^mffmi©m m^ommMmm 



Intel 



80960JA/JF EMBEDDED 32-BIT MICROPROCESSOR 



optimal cache size and high operating speeds while 
dissipating modest power. The processor also uses 
dynamic power management to turn off clocks to 
unused circuits. 

Users may program the 80960JA/JF to Halt Mode 
for maximum power savings. In Halt Mode, the proc- 
essor core stops completely but the integrated pe- 
ripherals continue to function, reducing overall pow- 
er requirements by approximately 90 percent. 

Processor execution resumes from internally or ex- 
ternally generated interrupts. 



2,8 Test Features 

The 60960JA/JF incorporates numerous features 
which enhance the user's ability to test both the 
processor and the system to which it Is attached. 
These features include ONCE (On-Clrcult Emulation) 
mode and Boundary Scan (JTAG). 

The 80960 J A/ J F provides testability features com- 
patible with IEEE Standard Test Access Port and 
Boundary Scan Architecture (IEEE Std. 1149.1). 

One of the boundary scan instructions, HIGHZ, 
forces the processor to float all its output pins 
(ONCE mode). ONCE mode can also be Initiated at 
reset without using the boundary scan mechanism. 

ONCE is useful for board-level testing. This feature 
allows a mounted 80960JA/JF to electrically "re- 
move" itself from a circuit board. This allows for sys- 
tem-level testing where a remote tester — such as an 
in-circuit emulator (ICE system)— can exercise the 
processor system. 

The provided test logic does not Interfere with com- 
ponent or circuit board behavior and ensures that 
components function correctly, connections be- 
tween various components are correct, and various 
components interact correctly on the printed circuit 
board. 

The JTAG Boundary Scan feature is an attractive 
alternative to conventional "bed-of-nails" testing. It 
can examine connections which might otherwise be 
inaccessible to a test system. 



2.9 Memory-Mapped Control 
Registers 

The 80960JA/JF, though compliant with i960 series 
processor core, has the added advantage of memo- 
ry-mapped, internal control registers not found on 
the I960 Kx, Sx or Cx processors. These give soft- 
ware the Interface to easily read and modify internal 
control registers. 

Each of these registers is accessed as a memory- 
mapped, 32-bit register. Access is accomplished 
through regular memory-format instructions. The 
processor ensures that these accesses do not gen- 
erate external bus cycles. 



2.10 Data Types and Memory 
Addressing Modes 

The 80960JA/JF instruction set supports several dif- 
ferent data types and formats: 

• Bit 

• Bitfields 

• Integer (8-, 16-, 32-, 64-bit) 

• Ordinal (8-, 1 6-, 32-, 64-blt unsigned Integers) 

• Triple word (96 bits) 

• Quad word (128 bits) 

The 80960JA/JF provides a full set of addressing 
modes for C and assembly: 

• Two Absolute modes 

• Five Register Indirect modes 

• Index with displacement 

• IP with displacement 
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Table 1. 8096QJA/JF Instruction Set 



Data Movement 


Arithmetic 


Logical 


Bit, Bit Field and Byte 


Load 


Add 


And 


Set Bit 


Store 


Subtract 


Not And 


Clear Bit 


Move 


Multiply 


And Not 


Not Bit 


♦Conditional Select 


Divide 


Or 


Alter Bit 


Load Address 


Remainder 


Exclusive Or 


Scan For Bit 




Modulo 


Not Or 


Span Over Bit 




Shift 


Or Not 


Extract 




Extended Shift 


Nor 


Modify 




Extended Multiply 


Exclusive Nor 


Scan Byte for Equal 




Extended Divide 


Not 


♦Byte Swap 




Add with Carry 


Nand 






Subtract with Carry 








♦Conditional Add 








♦Conditional Subtract 








Rotate 






Comparison 


Branch 


Caii/Return 


Fault 


Compare 


Unconditional Branch 


Call 


Conditional Fault 


Conditional Compare 


Conditional Branch 


Call Extended 


Synchronize Faults 


Compare and Increment 


Compare and Branch 


Call System 




Compare and Decrement 




Return 




Test Condition Code 


; 


Branch and Link 




Check Bit 








Debug 


Processor i\Management 


Atomic 




Modify Trace Controls , 


Flush Local Registers 


Atomic Add 




Mark 


Modify Arithmetic Controls 


Atomic Modify 




Force Mark 


Modify Process Controls 

♦Halt 

System Control 

♦Cache Control 

♦Interrupt Control 







'■ Denotes new instructions unavailable on 80960CA/CF, 80960KA/KB and 80960SA/SB implementations. 
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3.0 PACKAGE INFORMATION 

The 80960 J A/ J F will be offered in several speed 
and package grades. The following 132-pin Pin Grid 
Array (PGA) devices will be specified for operation at 
Vcc=5.0V±5% over a case temperature range of 
OXtolOO^'C: 

• A80960JA/JF-33 (33 MHz) 

• A80960JA/JF-25 (25 MHz) 

• A80960JA/JF-16 (16 MHz) 

The following 132-lead Plastic Quad Flatpack 
(PQFP) devices will be specified for operation at 
Vcc=5.0V±5% over a case temperature range of 
0**C to 100*^0: 

• NG80960JA/JF-33 (33 MHz) 

• NG80960JA/JF-25 (25 MHz) 

• NG80960JA/JF-16(16MHz) 

For complete package specifications and informa- 
tion, refer to Intel's Packaging Handbook (Order No. 
240800). 



3.1 Pin Descriptions 

This section describes the pins for the 80960JA/JF 
in the 132-pln ceramic Pin Grid Array (PGA) package 
and 132-lead Plastic Quad Flatpack Package 
(PQFP). 

Section 3.1.1, Functional Pin Definitions de- 
scribes pin function; Section 3.1.2, 80960JA/JF 
132-Lead PGA Pinout and Section 3.1.3, 
80960JA/JF PQFP Pinout define the signal and pin 
locations for the supported package types. 



3.1.1 FUNCTIONAL PIN DEFINITIONS 

Table 2 presents the legend for interpreting the pin 
descriptions which follow. Pins associated with the 
bus interface are described in Table 3. Pins associ- 
ated with basic control and test functions are de- 
scribed in Table 4. Pins associated with the Interrupt 
Unit are described in Table 5. 



Table 2. Pin Description Nomenclature 



Symbol 


Description 


1 


Input pin only. 





Output pin only. 


I/O 


Pin can be either an input or output. 


— 


Pin must be connected as described. 


8 


Synchronous. Inputs must meet 
setup and hold times relative to 
CLKIN for proper operation. 
S(E) Edge sensitive input 
S(L) Level sensitive input 


A(...) 


Asynchronous. Inputs may be 
asynchronous relative to CLKIN. 
A(E) Edge sensitive input 
A(L) Level sensitive Input 


R(...) 


While the processor's RESET pin is 
asserted, the pin: 

R(1) is driven to Vcc 

R(0) Is driven to Vss 

R(Q) is a valid output 

R(X) is driven to unknown state 

R(H) is pulled up to Vcc 


H(...) 


While the processor is in the hold 
state, the pin: 

H(1) is driven to Vcc 

H(0) is driven to Vss 

H(Q) Maintains previous state or 
continues to be a valid output 

H(Z) Floats 


P(...) 


While the processor is halted, the 
pin: 

P(1) is driven to Vcc 

P(0) is driven to Vss 

P(Q) Maintains previous state or 
continues to be a valid output 
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Table 3. Pin Description— External Bus Signals (Sheet 1 of 3) 



NAME 


TYPE 


DESCRIPTION 


AD31:0 


I/O 

S(L) 
R(X) 
H(Z) 
P(Q) 


ADDRESS/DATA BUS carries 32-bit physical addresses and 8-, 16- or 32-bit data to and 
from memory. During an address (Ta) cycle, bits 2-31 contain a physical word address 
(bits 0-1 indicate SIZE; see belbw). During a data (Id) cycle, read or write dgta is present 
on one or more contiguous bytes, comprising AD31:24, AD23:16, AD15:7 and AD7:0. 
During write operations, unused pins are driven to determinate values. 
SIZE, which comprises bits 0-1 of the AD lines during a Ta cycle, specifies the number of 
data transfers during the bus transaction. 
AD1 ADO Bus Transfers 
1 Transfer 

1 2 Transfers 

1 3 Transfers 
1 1 4 Transfers 

When the processor enters HALT mode^ if the previous bus operation was a: 

• write— AD31 :2 are driven with the last data value on the AD bus. 

• read— AD31 :4 are driven with the last address value on the AD bus; AD3:2 are driven 
with the value of A3:2 from the last data cycle. 

Typically, AD1 :0 reflect the SIZE information of the last bus transaction (either instruction 
fetch or load/store) that was executed before entering HALT mode. 


ALE 




R(0) 

H(Z) 
P(0) 


ADDRESS LATCH ENABLE indicates the transfer of a physical address. ALE is asserted 
during a Ta cycle and deasserted before the beginning of the Td state. It is active HIGH 
and floats to a high impedance state during a hold cycle (Th). 


ALI 




R(1) 
H(Z) 
P(1) 


ADDRESS LATCH ENABLE indicates the transfer of a physical address. ALE is the 
inverted version of ALE. This signal gives the 80960JA/JF a high degree of compatibility 
with existing 80960Kx systems. 


ADS 




R(1) 
H(Z) 
P(1) 


ADDRESS STROBE indicates a valid address and the start of a new bus access. The 
processor asserts ADS for the entire Ta cycle. External bus control logic typically samples 
ADS at the end of the cycle. 


A3:2 




R(X) 
H(Z) 
P(Q) 


ADDRESS3:2 comprise a partial demultiplexed address bus. 

32-bit memory accesses: the processor asserts address bits A3:2 during Tg. The partial 

word address increments with each assertion of RDYRCV during a burst. 

16-bit memory accesses: the processor asserts address bits A3:1 during Tg with A1 

driven on the BE1 pin. The partial short word address increments with each assertion of 

RDYRCV during a burst. 

8-bit memory accesses: the processor asserts address bits A3:0 during Ta, wjth A1:0 

driven on BE1 :0. The partial byte address increments with each assertion of RDYRCV 

during a burst. 
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Table 3. Pin Description— External Bus Signals (Sheet 2 of 3) 



NAME 


TYPE 


DESCRIPTION 


BE3:0 




R(1) 
H(Z) 
P(1) 


BYTE ENABLES select which of up to four data bytes on the bus participate in the 
current bus access. Byte enable encoding is dependent on the bus width of the memory 
region accessed: 
32-bit bus: 

BE3 enables data on AD31 :24 

BE2 enables data on AD23:16 

BET enables data on AD1 5:8 

BEO enables data on AD7:0 
16-bit bus: 

BE3 becomes Byte High Enable (enables data on AD15:8) 

BE2 is not used (state is high) 

BE1 becomes Address Bit 1 (A1) 

BEO becomes Byte Low Enable (enables data on AD7:0) 
8-bit bus: 

BE3 is not used (state is high) 

BE2 is not used (state is high) 

BE1 becomes Address Bit 1 (A1) 

BEO becomes Address Bit (AO) 
The processor asserts byte enables, byte high enable and byte low enable during Ta- 
Since unaligned bus requests are split into separate bus transactions, these signals do 
not toggle during a burst. They remain active through the last Td cycle. 
For accesses to 8- and 16-bit memory, the processor asserts the address bits in 
conjunction with A3:2 described above. 


WIDTH/ 
HLTDliO 




R(X) 
H(Z) 
P(1) 


WIDTH/HLTD signals denote the physical memory attributes for a bus transaction: 
WIDTH/HLTD1 WIDTH/HLTDO 

8 Bits Wide 

1 16 Bits Wide 

1 32 Bits Wide 

1 1 Processor Halted 
The processor floats the WIDTH/HLTD pins whenever it relinquishes the bus in 
response to a HOLD request, regardless of prior operating state. 


D/C 




R(X) 
H(Z) 
P(Q) 


DATA/CODE indicates that a bus access is a data access (1 ) or an instruction access 
(0). D/C has the same timing as W/R. 


W/R 




R(0) 

H(Z) 

P(Q) 


WRITE/READ specifies, during a Tg cycle, whether the operation is a write (1) or read 
(0). It is latched on-chip and remains valid during Td cycles. 


DT/R 




R(0) 
H(Z) 
P(Q) 


DATA TRANSMIT/RECEIVE indicates the direction of data transfer to and from the 
address/data bus. It is low during Tq and T^/Td cycles for a read; it is high during Ta 
and Tw/Td cycles for a write. DT/R never changes state when DEN is asserted. 
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Table 3. Pin Description— External Bus Signals (Sheet 3 of 3) 



HMAE 


TYPE 


DESCRIPTION 


DEN 




R(1) 
H(Z) 
P(1) 


DATA ENABLE indicates data transfer cycles during a bus access. DEN is asserted at 
the start of the first data cycle in a bus access and deasserted at the end of the last 
data cycle. DEN is used with DT/R to provide control for data transceivers connected 
to the data bus. 


BLAST 




R(1) 
H(Z) 
P(1) 


BURST LAST Indicates the last transfer in a bus access.* BLAST is asserted in the last 


data transfer of burst and non-burst accesses. BLAST remains active as long as wait 
states are inserted via the RDYRCV pin. BLAST becomes Inactive after the final data 
transfer in a bus cycle. 




S(L) 


READY/RECOVER indicates that data on AD lines can be sampled or removed. If 


RDYRCV 


RDYRCV is not asserted during a Td cycle, the Td cycle Is extended to the next cycle by 
inserting a wait state (Tw). 

The RDYRCV pin has an alternate function during the recovery (Tp) state. The 
processor continues to insert additional recovery states until it samples the pin HIGH. 
This function allows slow external devices longer to float their buffers before the 
processor begins to drive address again. 




I/O 

S(L) 
R(H) 
H(Z) 
P(1) 


BUS LOCK indicates that an atomic read-modify-write operation is in progress. LOCK is 
asserted in the first clock of an atomic operation and deasserted in the last data 
transfer of the sequence. The processor does not grant HOLDA while LOCK is 
asserted. This prevents external agents from accessing memory involved in semaphore 
operations. 

The processor samples this pin during reset. If it Is asserted LOW at the end of reset, 
the processor enters ONCE Mode. In ONCE Mode, the processor stops all clocks and 
floats all output pins. The pin has a weak internal pullup which is active during reset to 
ensure normal operation if the pin is left unconnected. 


LOCK/ 
ONCE 


HOLD 


i 

S(L) 


HOLD: A request from an external bus master to acquire the bus. When the processor 
receives HOLD and grants bus control to another master, it asserts HOLDA, floats the 
address/data and control lines and enters the Th state. When HOLD is deasserted, the 
processor deasserts HOLDA and enters either the T,- or Ta state, resuming control of 
the address/data and control lines. 


HOLDA 




R(Q) 
H(1) 

P(Q) 


HOLD ACKNOWLEDGE indicates to an external bus master that the processor has 
relinquished control of the bus. The processor can grant HOLD requests and enter the 
Th state during reset and while halted as well as during regular operation. 


BSTAT 




R(0) 
H(Q) 
P(0) 


BUS STATUS indicates that the processor may soon stall unless it has sufficient 
access to the bus; see /960® Jx Microprocessor User's Guide (272483). Arbitration 
logic can examine this signal to determine when an external bus master should 
acquire/relinquish the bus. 
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Tdble 4. Pin Description— Processor Control Signals, Test Signals and Power (Sheet 1 of 2) 



NAI\/IE 


TYPE 


DESCRIPTION 


CLKIN 


' 


CLOCK INPUT provides the processor's fundamental time base; both the processor core 
and the external bus run at the CLKIN rate. All input and output timings are specified 
relative to a rising CLKIN edge. 


RESET 


A(L) 


RESET initializes the processor and clears its internal logic. During reset, the processor 
places the address/data bus and control output pins in their idle (inactive) states. 
During reset, the input pins are ignored with the exception of LOCK/ONCE, STEST and 
HOLD. 


The ReSET pin has an internal synchronizer. To ensure predictable processor 
initialization during power up, RESET must be asserted a minimum of 10,000 CLKIN 


cycles with Vcc and CLKIN stable. On a warm reset, RESET should be asserted for a 
minimum of 15 cycles. 


STEST 


S(L) 


SELF TEST enables or disables the processor's internal self-test feature at initialization. 
STEST is examined at the end of reset. If STEST is asserted, the processor performs its 
internal self-test and the external bus confidence test. If STEST is deasserted, the 
processor performs only the external bus confidence test. 


FAIL 




R(0) 

H(Q) 
P(1) 


FAIL indicates a failure of the processor's built-in self-test performed during initialization. 
FAIL is asserted immediately upon reset and toggles during self-test to indicate the status 
of individual tests: 

• If self-test passes, the processor deasserts FAIL and commences operation from user 
code. 

• If self-test fails, the processor asserts the FAIL pin and then stops executing. 


TCK 


1 


TEST CLOCK is a CPU input which provides the clocking function for IEEE 1 1 49.1 
Boundary Scan Testing (JTAG). State information and data are clocked into the 
component on the rising edge; data is clocked out of the component on the falling edge. 


TDI 


S(L) 


TEST DATA INPUT is the serial input pin for JTAG. TDI is sampled on the rising edge of 
TCK, during the SHIFT-IR and SHIFT-DR states of the Test Access Port. 


TDD 




R(Q) 
H(Q) 
P(Q) 


TEST DATA OUTPUT is the serial output pin for JTAG. TDD is driven on the falling edge 
of TCK during the SHIFT-IR and SHIFT-DR states of the Test Access Port. At other times, 
TDO floats. TDO does not float during ONCE Mode. 


TRST 


A(L) 


TEST RESET asynchronously resets the Test Access Port (TAP) controller function of 
IEEE 1 149.1 Boundary Scan testing (JTAG). If the Test Access Port will not be used, 
connect this pin to ground. 
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Table 4. Pin Descriptlon-^Processor Control Signals, Test Signals and Power (Sheet 2 of 2) 



NAME 


TYPE 


DESCRIPTION 


TMS 


S(L) 


TEST iVIODE SELECT is sampled at the rising edge of TCK to select the operation of the 
test logic for IEEE 1 149.1 Boundary Scan testing. 


Vcc 


— 


POWER leads intended for external connection to a Vcc board plane. 


VCCPLL 




PLL POWER is a separate Vcc supply lead for the phase lock loop clock generator. It Is 
intended for external connection to the Vcc board plane. In noisy environments, add a 
simple bypass filter circuit to reduce noise-induced clock jitter and its effects on timing 
relationships. 


Vss 


— 


GROUND leads intended for external connection to a Vss board plane. 


NC 


— 


NO CONNECT leads. Do not make any system connections to these leads. 



Table 5. Pin Description— Interrupt Unit Signals 



NAME 


TYPE 


DESCRIPTION 


XINT7:0 


A(E/L) 


EXTERNAL INTERRUPT pins are used to request interrupt service. The XINT7:0 pins 

can be configured in three modes: 

Dedicated Mode: Each pin is assigned a dedicated interrupt level. Dedicated 

inputs can be programmed to be level (low or high) or edge 

(rising or falling) sensitive. 
Expanded Mode: All eight pins act as a vectored interrupt source. The interrupt 

pins are level sensitive in this mode. 


Mixed Mode: The XiNT7:5 pins act as dedicated sources and the XINT4:0 pins 
act as the five most significant bits of a vectored source. The 
least significant bits of the vectored source are set to 010 
internally. 

Unused external interrupt pins should be connected to Vcc- 


NMI 


A(E) 


NON-MASKABLE INTERRUPT causes a non-maskable interrupt event to occur. NMI is 
the highest priority Interrupt source and is falling edge-triggered. If NMI Is unused, it 
should be connected to Vcc- 
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3.1.2 80960JA/JF 132-LEAD PGA PINOUT 
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Figure 3. 132-Lead Pin Grid Array Bottom View— Pins Facing Up 
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Figure 4. 132-Lead Pin Grid Array Top View— Pins Facing Down 
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Table 6. 132-Lead PGA Pinout-— In Signal Order 



Signal 


Pin 


Signal 


Pin 


Signal 


Pin 


Signal 


Pin 


A2 


C5 


AD31 


K3 


TDI 


D12 


Vss 


B9 


A3 


C4 


ADS 


A1 ' 


TDO 


B4 


Vss 


D2 


ADO 


M14 


ALE 


G3 


TMS 


A14 


Vss 


D13 


AD1 


L13 


ALE 


A3 


TrST 


C12 


Vss 


E2 


AD2 


K12 


BEO 


H3 


Vcc 


A6 


Vss 


E13 


AD3 


N14 


BE1 


J3 


Vcc 


M 


Vss 


F2 


AD4 


M13 


BE2 


L1 


Vcc 


A8 


Vss 


F13 


ADS 


L12 


BE3 


L2 


Vcc 


A9 


Vss 


G2 


AD6 


P14 


BLAST 


C3 


Vcc 


D1 


Vss 


G13 


AD7 


N13 


BSTAT 


F3 


Vcc 


D14 


Vss 


H2 


ADS 


M12 


CLKIN 


H14 


Vcc 


E1 


Vss 


H13 


AD9 


M11 


D/C 


B2 


Vcc 


E14 


Vss 


J2 


AD10 


N12 


DEN 


E3 


Vcc 


F1 


Vss 


J13 


AD11 


P13 


DT/R 


D3 


Vcc 


F14 


Vss 


K2 


AD12 


M10 


FAIL 


C6 


Vcc 


G1 


Vss 


K13 


AD13 


P12 


HOLD 


C9 


Vcc 


G14 


Vss 


N5 


AD14 


M9 


HOLDA 


C2 


Vcc 


H1 


Vss 


N6 


AD15 


M8 


LOCK/ONCE 


C1 


Vcc 


J1 


Vss 


N7 


AD16 


m 


NC 


A4 


Vcc 


J14 


Vss 


N8 


AD17 


M6 


NC 


A5 


Vcc 


K1 


Vss 


N9 


AD18 


P4 


NC 


B5 


Vcc 


K14 


Vss 


N10 


AD19 


P3 


NC 


B14 


Vcc 


L14 


Vss 


N11 


AD20 


N4 


NC 


C7 


Vcc 


P5 


W/R 


B1 


AD21 


M6 


NC 


C8 


Vcc 


P6 


WIDTH/HLTDO 


B3 


AD22 


P2 


NC 


C14 


Vcc 


P7 


WIDTH/HLTD1 


A2 


AD23 


M4 


NC 


G12 


Vcc 


P8 


XINTO 


C11 


AD24 


N3 


NC 


J12 


Vcc 


P9 


XINT1 


C10 


AD25 


P1 


NC 


M3 


Vcc 


P10 


XINT2 


A13 


AD26 


N2 


NMI 


A10 


Vcc 


P11 


XINT3 


B12 


AD27 


N1 


RDYRdV 


F12 


VcCPLL 


H12 


XINT4 


B11 


AD28 


L3 


RESET 


E12 


Vss 


B6 


XINT6 


A12 


AD29 


M2 


STEST 


C13 


Vss 


B7 


XINT6 


B10 


AD30 


M1 


TCK 


B13 


Vss 


B8 


XINT7 


A11 



NOTE: 

Do not connect any external logic to pins marked NC (No Connect Pins). 



AID^/^IM©! DKIF®(^IS«]ATrD©Kl 



1-407 



80960JA/JF EMBEDDED 32-BIT MICROPROCESSOR 



Intel 



Table 7. 132-Lead PGA Pinout^ln Pin Order 



Pin 


Signal 


Pin 


Signal 


Pin 


Signal 


Pin 


Signal 


A1 


ADS 


C6 


FAIL 


HI 


Vcc ' 


M10 


AD12 


A2 


WIDTH/HLTD1 


C7 


NC 


H2 


Vss 


Mil 


AD9 


A3 


ALE 


C8 


NC 


H3 


BEO 


M12 


ADS 


A4 


NC 


C9 


HOLD 


H12 


VccPLL 


M13 


AD4 


A5 


NC 


CIO 


XINT1 


H13 


Vss 


M14 


ADO 


A6 


Vcc 


C11 


XINTO 


H14 


CLKIN 


N1 


AD27 


A7 


Vcc 


CI 2 


TRST 


J1 


Vcc 


N2 


AD26 


A8 


Vcc 


CI 3 


STEST 


J2 


Vss 


N3 


AD24 


A9 


Vcc 


CI 4 


NC 


J3 


BE1 


N4 


AD20 


A10 


NMI 


D1 


Vcc 


J12 


NC 


N5 


Vss 


A11 


XiNT7 


D2 


Vss 


J13 


Vss 


N6 


Vss 


A12 


XINT5 


D3 


DT/R 


J14 


Vcc 


N7 


Vss 


A13 


>(iNT2 


D12 


TDI 


K1 


Vcc 


N8 


Vss 


A14 
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D13 


Vss 


K2 


Vss 


N9 


Vss 


B1 
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D14 


Vcc 


K3 


AD31 


N10 


Vss 


B2 


D/C 


El 


Vcc 


K12 


AD2 


Nil 


Vss 


B3 


WIDTH/HLTDO 


E2 


Vss 


K13 


Vss 


N12 


AD10 


84 
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E3 
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K14 
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N13 


AD7 


85 


NC 


E12 
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LI 
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N14 


AD3 


86 


Vss 


E13 


Vss 


L2 


8E3 


PI 


AD25 


87 


Vss 


E14 


Vcc 


L3 


AD28 


P2 


AD22 


88 


Vss 


F1 


Vcc 


LI 2 


ADS 


P3 


AD19 


89 


Vss 


F2 


Vss 
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AD1 


P4 


AD18 
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xiNte 


F3 
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Vcc 


P5 


Vcc 


811 


XINT4 


F12 


RDYRCV 


Ml 


AD30 
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Vcc 


812 
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F13 


Vss 


M2 


AD29 
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813 


TCK 
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M3 


NC 
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Vcc 


814 


NC 
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Vcc 


M4 


AD23 
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NOTE: 

Do not connect any external logic to pins marked NC (no connect pins). 
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3.1.3 80960JA/JF PQFP PINOUT 
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Figure 5. 132-Lead PQFP - Top View 
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Table 8. 132-Lead PQFP Pinout— In Signal Order 



Signal 


Pin 


Signal 


Pin 


Signal 


Pin 


Signal 


Pin 


AD31 


60 


ALE 


24 


Vcc(Core) 


47 


Vss (I/O) 


10 


AD30 


61 


ADS 


36 


Vcc(Core) 


59 


Vss (I/O) 


27 


AD29 


62 


A3 


33 


Vcc (Core) 


74 


Vss (I/O) 


40 


AD28 


63 


A2 


32 


Vcc(Core) 


92 


Vss (I/O) 


48 


AD27 


66 


iE3 


55 


Vcc (Core) 


113 


Vss (I/O) 


56 


AD26 


68 


BE2 


54 


Vcc (Core) 


115 


Vss (I/O) 


64 


AD25 


69 


BET 


53 


Vcc (Core) 


123 


Vss (I/O) 


71 


AD24 


70 


gEO 


52 


Vcc(i/0) 


9 


Vss (I/O) 


79 


AD23 


75 


WIDTH/HLTD1 


28 


Vcc (I/O) 


26 


Vss (I/O) 


85 


AD22 


76 


WIDTH/HLTDO 


31 


Vcc (I/O) 


41 


Vss (I/O) 


93 


AD21 


77 


D/C 


35 


Vcc (I/O) 


49 


Vss (I/O) 


97 


AD20 


78 


W/R 


37 


Vcc (I/O) 


57 


Vss (I/O) 


106 


AD19 


81 


DT/R 


42 


Vcc (I/O) 


65 


Vss (I/O) 


112 


AD18 


82 


DEN 


43 


Vcc (I/O) 


72 


Vss (I/O) 


131 


AD17 


83 


BLAST 


34 


Vcc (I/O) 


80 


NC 


18 


AD16 


84 


RDYRCV 


132 


Vcc (I/O) 


86 


NC 


19 


AD15 


87 


LOCK/ONCE 


50 


Vcc (I/O) 


94 


NC 


20 


AD14 


88 


HOLD 


4 


Vcc (I/O) 


98 


NC 


21 


AD13 


89 


HOLDA 


44 


Vcc (I/O) 


105 


NC 


22 


AD12 


90 


BSTAT 


51 


Vcc (I/O) 


111 


NC 


67 


AD11 


95 


CLKIN 


117 


Vcc (I/O) 


129 


NC 


121 


AD10 


96 


RESET 


125 


VCCPLL 


119 


NC 


122 


AD9 


99 


STEST 


128 


Vss(CLK) 


118 


NC 


126 


AD8 


100 


FAIL 


23 


Vss(Core) 


17 


NC 


127 


AD7 


101 


TCK 


2 


Vss(Core) 


30 


XINT7 


14 


AD6 


102 


TDI 


130 


Vss(Core) 


38 


XINT6 


13 


ADS 


103 


IDG 


25 


Vss (Core) 


46 


XINT5 


12 


AD4 


104 


TRST 


1 


Vss (Core) 


58 


XINT4 


11 


AD3 


107 


TMS 


3 


Vss (Core) 


73 


XINT3 


8 


AD2 


108 


Vcc(CLK) 


120 


Vss (Core) 


91 


XINT2 


7 


AD1 


109 


Vcc(Core) 


16 


Vss (Core) 


114 


XINT1 


6 


ADO 


110 


Vcc(Core) 


29 


Vss (Core) 


116 


XlNTO 


5 


ALE 


45 


Vcc(Core) 


39 


Vss (Core) 


124 


NMI 


15 



NOTE: 

Do not connect any external logic to pins marked NC (no connect pins). 
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Table 9. 132-Lead PQFP Pinout— In Pin Order 






Pin 


Signal 


Pin 


Signal 


Pin 


SIgnai 


Pin 


Signal 


1 


TfST 


34 


BLAST 


67 


NC 


100 


AD8 


2 


TCK 


.35 


D/C 


68 


AD26 


101 


AD7 


3 


TMS 


36 


ADS 


69 


AD25 


102 


AD6 


4 


HOLD 


37 


W/R 


70 


AD24 


103 


AD5 


5 


XINTO 


38 


Vss(Core) 


71 


Vss (I/O) 


104 


AD4 


6 


XINT1 


39 


Vcc(Core) 


72 


Vcc(i/0) 


105 


Vcc(i/0) 


7 


XINT2 


40 


Vss(l/0) 


73 


Vss (Core) 


106 


Vss(i/0) 


8 


XINT3 


41 


Vcc(l/0) 


74 


Vcc(Core) 


107 


AD3 


9 


Vcc(l/0) 


42 


DT/R 


75 


AD23 


108 


AD2 


10 


Vss(i/0) 


43 


DEN 


76 


AD22 


109 


AD1 


11 


XINT4 


44 


HOLDA 


77 


AD21 


110 


ADO 


12 


XINT5 


45 


ALE 


78 


AD20 


111 


Vcc(i/0) 


13 


XINT6 


46 


Vss (Core) 


79 


Vss (I/O) 


112 


Vss (I/O) 


14 


XINT7 


47 


Vcc(Core) 


80 


Vcc(i/0) 


113 


Vcc(Core) 


15 


NMI 


48 


Vss (I/O) 


81 


AD19 


114 


Vss (Core) 


16 


Vcc(Core) 


49 


Vcc(l/0) 


82 


AD18 


115 


Vcc(Core) 


17 


Vss(Core) 


50 


LOCK/ONCE 


83 


AD17 


116 


Vss (Core) 


18 


NC 


51 


BSTAT 


84 


AD16 


117 


CLKIN 


19 


NC 


52 


BEO 


85 


Vss (I/O) 


118 


VsS(CLK) 


20 


NC 


53 


BET 


86 


Vcc(i/0) 


119 


VCCPLL 


21 


NC 


54 


BE2 


87 


AD15 


120 


VCC(CLK) 


22 


NC 


55 


BE3 


88 


AD14 


121 


NC 


23 


FAIL 


56 


Vss (I/O) 


89 


AD13 


122 


NC 


24 


ALE 


57 


Vcc(i/0) 


90 


AD12 


123 


Vcc(Core) 


25 


TDO 


58 


Vss (Core) 


91 


Vss (Core) 


124 


Vss (Core) 


26 


Vcc(l/0) 


59 


Vcc(Core) 


92 


Vcc(Core) 


125 


RESET 


27 


Vss(l/0) 


60 


AD31 


93 


Vss (I/O) 


126 


NC 


28 


WIDTH/HLTD1 


61 


AD30 


94 


Vcc(l/0) 


127 


NC 


29 


Ycc(Core) 


62 


AD29 


95 


AD11 


128 


STEST 


30 


Vss(Core) 


63 


AD28 


96 


AD10 


129 


Vcc(l/0) 


31 


WIDTH/HLTDO 


64 


Vss (I/O) 


97 


Vss (I/O) 


130 


TDI 


32 


A2 


66 


Vcc(l/0) 


98 


Vcc(l/0) 


131 


Vss (I/O) 


33 


A3 


65 


AD27 


99 


AD9 


132 


RDYRCV 



NOTE: 

Do not connect any external logic to pins marked NC (no connect pins). 
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3.2 Package Thermal Specif Ications 

The 80960 J A/ J F Is specified for operation when Tc 
(case temperature) is within the range of O^'C to 
100**C. Case temperature may be measured in any 
environment to determine whether the 80960JA/JF 
is within specified operating range. The case tem- 
perature should be measured at the center of the 
top surface, opposite the pins. 

Ta (ambient temperature) can be calculated from 
^CA (thermal resistance from case to ambient) using 
the following equation: 

Ta = Tc - P*^CA 



intel 



Similarly, Tj (junction temperature) can be calculat- 
ed from ^jc (thermal resistance from junction to 
case) using the following equation: 

Tj = Tc + P*Ojc 

Compute P by multiplying Ice (th© typical current) 
from Table 13 and a Vcc of 5 V. Values for Ojc and 
^CA are given In Table 1 for the PGA package and 
Table 1 1 for the PQFP package. Note that the proc- 
essor's ajA for the ceramic PGA package may be 
significantly reduced by adding a heatsink. 



Table 10. 132-Lead PGA Package Thermal Characteristics 






Thermal Resistance— X/Watt 


. 


Parameter 


Airflow— ft./min (m/sec) 



(0) 


200 
(1.01) 


400 
(2.03) 


600 
(3.04) 


800 
(4.06) 


1000 
(5.08) 


Ojc (Junctlon-to-Case) 


3 


3 


3 


3 


3 


3 


^CA (Case-to-Amblent) 
(No Heatsink) 


18 


15 . 


12 


11 


11 


11 




ejAi 






ejc 

I\ 6j-CAP 


^CA (Case-to-Amblent) 
(Omnidirectional Heatsink) 


15 


12 


9 


8 


8 


8 


^CA (Case-to-Amblent) 
(Unidirectional Heatsink) 


14 


11 


8 


7 


7 


7 




uuo' — ^uu 


u 



NOTES: 

1 . This table applies to a PGA device plugged into a socket or soldered directly into a board. 

2. ^JA = ^JC + ^CA 

3. dj-CAP = 4''C/W (approx.) 

4. ^j.piN = 4"*C/W (inner pins) (approx.) 

5. ^j-piN = 8*C/W (outer pins) (approx.) 
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Table 11. 132-Lead PQFP Package Thermal Characteristics 



Thermal Resistance— X/Watt 




Airflow— ft./min (m/sec) 


Parameter 



(0) 


50 
(0.25) 


100 
(0.50) 


200 
(1.01) 


400 
(2.03) 


600 
(3.04) 


800 
(4.06) 


^jc (Junction-to-Case) 


6 


7 


7 


7 


7 


7 


7 


^CA (Case-to-Amblent— No Heatsink) 


23 


20 


18 


14 


10 


9 


8 




ejc 


e. 










1 1 


QjB 




NOTES: 

1 . This table applies to a PQFP device soldered directly into board. 

2. «JA = ^JC + ^CA 

3. djL = 18°C/W(approx.) 

4. OjB = IS'C/WCapprox.) 
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4.0 ELECTRICAL SPECIFICATIONS 



4.1 Absolute Maximum Ratings 



Parameter 


Maximum Rating 


Storaae Temoerature 


.-65*'Cto +150**C 


Case Temperature Under Bias . 


.-65''Cto+110X 


Supply Voltage wrt. Vss 


..-0.5Vto + 6.5V 


Voltage on Other Pins 




wrt. Vss - 


0.5VtoVcc + 0.5V 



inlel 



NOTICE: This data sheet contains information on 
products in the sampling and initial production phases 
of development. The specifications are subject to 
change without notice. Verify with your local Intel 
Sales office that you have the latest data sheet be- 
fore finalizing a design. 



* WARNING: Stressing the device beyond tiie "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex- 
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 



AJ2 Operating Conditions 



Tabie 12. Targeted 80960JA/J^ Operating Conditions 



Symboi 


Parameter 


IVIin 


i\/lax 


Units 


Notes 


Vcc 


Supply Voltage 
80960JA/JF-33 
80960JA/JF-25 
80960JA/JF-16 


4.75 
4.75 
4.75 


5.25 
5.25 
5.25 


V 




fclKIN 


Input Clock Frequency 
80960JA/JF-33 
80960JA/JF-25 
80960JA/JF-16 


16 
16 
16 


33.33 

25 
16.67 


MHz 




Tc 


Operating Case Temperature 
A80960JA/JF-33 (132 PGA) 
NG80960JA/JF-33 (132 PQFP) 
A80960JA/JF-25 (132 PGA) 
NG80960JA/JF-25 (132 PQFP) 
A80960JA/JF-16 (132 PGA) 
NG80960JA/JF-16 (132 PQFP) 










100 
100 
100 
100 
100 
100 


°c 





4.3 Connection Recommendations 

For clean on-chip power distribution, Vcc and Vss P'^s separately feed the device's functional units. Power 
and ground connections must be made to all 80960JA/JF power and ground pins. On the circuit board, every 
Vcc pin should connect to a power plane and every Vss P"" should connect to a ground plane. Place liberal 
decoupling capacitance near the 80960 J A/ J F, since the processor can cause transient power surges. Pins 
identified as NO must not be connected in the system. 
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4.4 DC Specif Ications 

Table 13. Targeted 80960 J A/ JF DC Characteristics 



Symbol 


Parameter 


Min 


Typ 


Max 


Units 


Notes 


V|L 


Input Low Voltage 


-0.3 




0.8 


V 




V|H 


input High Voltage 


2.0 




Vcc + 0.3 


V 




Vol 


Output Low Voltage 






0.45 


V 


lOL = 5 mA 


VOH 


Output High Voltage 


2.4 
Vec - 0.5 






V 


l0H= -1nfiA 
l0H= -200 fiA 


III 


Input Leakage Current 






±5 


^A 


^ V|N ^ Vcc 


Ilo 


Output Leakage Current 






±5 


txA 


0.4 ^ VouT ^ Vcc 


lee 


Power Supply Current 
(80960JA/JF-33) 
Ice Operating 
Ice Halt Mode 
Ice ONCE Mode 


320 


355 

36 

TBD 


395 

40 

TBD 


mA 


(1,2,3,4) 

(3.4) 

(3.4) 




NOTES: 

1. Measured with device operating and outputs loaded to the test condition in Figure 6, AC Test Load (pg. 31). 

2. Iqc Minimum is measured at minimum Vqc and maximum temperature. This parameter is characterized but not tested. 
3- Ice Typical is measured at nominal Vcc and Tc = 25 "C. This parameter is characterized but not tested. 

4. Ice Maximum is measured at maximum Vcc and minimum temperature. This parameter is fully tested. 

5. Not tested. 
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Table 13. Targeted 80960 J A/ JF DC Characteristics (Continued) 



Symbol 


Parameter 


MIn 


Typ 


Max 


Units 


Notes 


'ec 


Power Supply Current 
(80960JA/JF-25) 
Ice Operating 
Ice Halt Mode 
Ice ONCE Mode 


240 


270 

27 

TBD 


300 

30 

TBD 


mA 


(1,2,3,4) 

(3.4) 

(3.4) 


lec 


Power Supply Current 
(80960JA/JF-16) 
lee Operating 
lee Halt Mode 
lee ONCE Mode 


155 


175 

18 

TBD 


195 

20 

TBO 


mA 


(1.2,3.4) 

(3.4) 

(3.4) 


C|N 


Input Capacitance 

PGA 

PQFP 






12 
10 


pF 


fcLKIN = ^MIN^^) 


Cqut 


, I/O or Output Capacitance 
PGA 
PQFP 






12 
10 


PF 


^eiKIN = *MIN^^) 


CCLK 


CLKIN Capacitance 

PGA 

PQFP 






12 
10 


pF 


fclKIN = ^MIN^^) 



NOTES: 

1. Measured with device operating and outputs loaded to the test condition in Figure 6, AC Test Load (pg. 31). 

2. Ice Minimum is measured at minimum Vcc and maximum temperature. This parameter is characterized but not tested. 

3. Ice Typical Is measured at nominal Vcc and Tc = 25 'C. This parameter is characterized but not tested. 

4. Ice Maximum is measured at maximum Vcc and minimum temperature. This parameter is fully tested. 

5. Not tested. 
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4.5 AC Specif icatlons 

Targeted 80960 J A/ J F AC timings are based upon design simulation at 33 MHz. Revised information for all 
frequency grades will be published upon the completion of device characterization. Contact your local Intel 
representative before finalizing a design. 

Table 14. Targeted 80960JA/JF Input Clock Timings 



Symbol 


Parameter 


Min 


Max 


Units 


Notes 


Tf 


CLKIN Frequency 


TBD 


33.33 


MHz 




Tc 


CLKIN Period 


30 


62.5 


ns 




TCS 


CLKIN Period Stability 




±0.1 


%A 


Adjacent Clocks(i) 


TCH 


CLKIN High Time 


12 




ns 


Measured at 1.6V(1) 


TCL 


CLKIN Low Time 


12 




ns 


Measured at 1.5V(1) 


TCR 


CLKIN Rise Time 




4 


ns 


0.8Vto2.0V(i) 


TCF 


CLKIN Fall Time 




4 


ns 


2.0Vto0.8V(l) 



NOTES: 

1. Not tested 




Table 15. Targeted 80960 J A/ JF Synchronous Output Timings 



Symbol 


Parameter 


Min 


Max 


Units 


Notes 


Tovi 


Output Valid Delay, Except ALE/ALE 
Inactive and DT/R 


2.5 


15 


ns 




T0V2 


Output Valid Delay, DT/R 


0.5 Tc +2.5 


0.5TC+15 


ns 




Top 


Output Float Delay 


3 


13 


ns 


(1) 



NOTES: 

1 . A float condition occurs when the output current becomes less than Ilo- Float delay is not tested. 
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Table 16. Targeted 80960JA/JF Synchronous Input Timings 



Symbol 


Parameter 


Min 


Max 


Units 


Notes 


T|S1 


Input Setup to CLKIN— AD31 :0 


6 




ns 


(1) 


T|H1 


Input Hold from CLKIN— AD31:0 


2 




ns 


(1) 


T|S2 


Input Setup to CLKIN—RbVftCV and HOLD 


8 




ns 


(2) 


T|H2 


Input Hold from CLKIN—RDYRCV and HOLD 


2 




ns 


(2) 


T|S3 


Input Setup to CLKIN— RESET 


6 




ns 


(3) 


T|H3 


Input Hold from CLKIN— RESET 


2 




ns 


(3) 


T|S4 


Input Setup to CLKIN— NMI, XINT7:0, ONCE, STEST 


7 




ns 


(1) 


T|H4 


Input Hold from CLKIN— NMI, XINT7:0, ONCE, STEST 


3 




ns 


(1) 



NOTES: 

1. A D31 : 0, ONCE and STEST are synchronous inputs. Setup and hold times must be met for proper processor operation. 
FM and XINT7:0 may be synchronous or asynchro nous. IVIe eting setup and hold time guarantees recognition at a particular 
clock edge. For asynchronous operation, NMI and XINT7:0 must be asserted for a minimum of two CLKIN periods to guar- 
an tee recog nition. 

2. RDYRC V and HOLD are synchronous inputs. Setup and hold times must be met for proper processor operation. 

3. RESET may be synchronous or asynchronous. Meeting setup and hold time guarantees recognition at a particular clock 
edge. 

Table 17. Targeted 80960 J A/ JF Relative Output Timings 



Symbol 


Parameter 


MIn 


Max 


Units 


Notes 


Tlxl 


ALE/ALE Width 


0.5Tc -3 




ns 


(1) 


Tlxa 


Address Hold from ALE/ALE Inactive 


0.5Tc -3 




ns 


Equal Loading(i) 


Tdxd 


DT/R Valid to DEN Active 


O.STc -3 




ns 


Equal Loadlng(i) 



NOTES: 

1 . Guaranteed by design. May not be 1 00% tested. 
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Table 18. Targeted 80960JA/JF Boundary Scan Test Signal Timings 



Symbol 


Parameter 


MIn 


Max 


Units 


Notes 


Tbsf 


tCK Frequency 




8 


MHz 




Tbsc 


TCK Period 


125 




ns 




Tbsch 


TCK High Time 


40 




ns 


Measured at 1.5V (1) 


Tbscl 


TCK Low Time 


40 




ns 


Measured at 1.5V (1) 


Tbscr 


TCK Rise Time 




8 


ns 


0.8V to 2.0V (1) 


Tbscf 


TCK Fall Time 




8 


ns 


2.0V to 0.8V (1) 


Tbsisi 


Input Setup to TCK— TDI, TMS 


8 




ns 




Tbsihi 


Input Hold from TCK— TDI, TMS 


10 




ns 




Tbsovi 


TDO Valid Delay 


3 


30 


ns 


Relative to falling edge of TCK 


TpsOFI 


TDO Float Delay 


3 


36 


ns 


Relative to falling edge of TCK 


TbS0V2 


All Outputs (Non-Test) Valid Delay 


3 


30 


ns 


Relative to falling edge of TCK 


TbS0F2 


All Outputs (Non-Test) Float Delay 


3 


36 


ns 


Relative to falling edge of TCK 


Tbs|S2 


Input Setup to TCK— All Inputs (Non-Test) 


8 




ns 




TbSIH2 


Input Hold from TCK— All Inputs (Non-Test) 


10 




ns 






NOTES: 

1. Not tested. 
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4.5.1 AC TEST CONDITIONS AND DERATING CURVES 

The AC Specifications in Section 4.5, AC Specifications are tested with the 50 pF load indicated in Figure 6. 
Figure 9 shows how timings vary with load capacitance; Figure 10 shows how output rise and fall times vary 
with load capacitance. 



Output Pin O" 



Cl 



Cl = 50 pF fof all signals 



272504-9 



Figure 6. AC Test Load 
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Figure 7. Output Delay or Hold vs. Load Capacitance 
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Figure 8. Rise and Pali Time Derating 



4.5.2 AC TII\/IING WAVEFORMS 
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Figure 9. CLKIN Waveform 
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CLKIN 

Outputs: 

AD31:0, 

ALE (active) 

ALE (active) 

ADS, A3:2, 

BE3:0, 

WIDTH/HLTD1:0, 

D/C. W/R. DEN. 

BLAST, LOCK, 

HOLDA, FAIL 


p 
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Figure 10. Output Delay Waveform for Tqvi 
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Figure 11. Output Fioat Waveform for Top 
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Figure 12. Input Setup and Hold Waveform for Tisi and T|hi 
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Figure 13. Input Setup and Hold Waveform for T|S2 and T|H2 
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Figure 14, Input Setup and Hold Waveform for T|S3 and T|H3 
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Figure 15. Input Setup and Hold Waveform for NMI, XINT7:0, ONCE, STEST 
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Figure 16. Relative Timings Waveform for Tlxl and Tlxa 
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Figure 17. DT/R and DEN Timings Waveform 
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Figure 18. TCK Waveform 
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Figure 19. Input Setup and l4oid Waveforms for Tbsisi ^nd Tbsihi 
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Figure 20. Output Delay and Output Float for Tbsovi ^nd Tbsofi 
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Figure 21. Output Delay and Output Float Waveform for Tbsov2 and Tbs0F2 
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Figure 22. Input Setup and Hold Waveform for Tbsis2 and Tbsih2 

5.0 BUS FUNCTIONAL WAVEFORMS 

Figures 23 through 28 illustrate typical 80960JA/JF bus transactions. Figure 29 depicts the bus arbitration 
sequence. Tables 19 through 22 summarize all possible combinations of bus accesses across 8-, 16-, and 32- 
bit buses according to data alignment. Figures 30 and 31 also show accesses on 32-bit buses. Figure 32 
illustrates the processor reset sequence from the time power is applied to the device. 
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Figure 23. Non-Burst Read and Write Transactions Without Wait States, 32-Bit Bus 
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Figure 24. Burst Read and Write Transactions Without Wait States, 32-Bit Bus 
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Figure 25. Burst Write Transactions Witii 2,1,1,1 Wait States, 32-Bit Bus 
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Figure 26. Burst Read and Write Transactions Without Wait States, 8-Bit Bus 
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Figure 27. Burst Read and Write Transactions Witli 1, Wait States 
and Extra Tr State on Read, 16-Bit Bus 
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Figure 28. Bus Transactions Generated by Double Word Read Bus Request, 
Misaligned One Byte From Quad Word Boundary, 32-Blt Bus, Little Endian 
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NOTE: 

HOLD is sampled on the rising edge of CLKIN. The processor asserts HOLDA to grant the bus on the same edge in 
which it recognizes HOLD if the last state was T,- or the last Tr of a bus transaction. Similarly, the processor deasserts 
HOLDA on the same edge in which it recognizes the deassertion of HOLD. 




Figure 29. HOLD/HOLDA Waveform For Bus Arbitration 
Table 19. Natural Boundaries for Load and Store Accesses 



Data Width 


Natural Boundary (Bytes) 


Byte 


1 


Short Word 


2 


Word 


4 


Double Word 


8 


Triple Word 


16 


Quad Word 


16 



^(S^/&I^©1 0(^IF©[^(iifl^TO©(^ 



1-435 



80960JA/JF EMBEDDED 32-BIT MICROPROCESSOR 

Table 20. Summary of Byte Load and Store Accesses 



iny 



Address Offset from 

Natural Boundary 

(in Bytes) 


Accesses on 8-Bit Bus 
(WIDTH 1:0 = 00) 


Accesses on 16-Bit Bus 
(WIDTHIrO = 01) 


Accesses on 32-Blt Bus 
(WIDTHIrO = 10) 


+ (aligned) 


• byte access 


• byte access 


• byte access 



Table 21. Summary of Short Word Load and Store Accesses 



Address Offset from 

Natural Boundary 

(In Bytes) 


Accesses on 8-Blt Bus 
(WIDTH 1:0 = 00) 


Accesses on 16-Bit Bus 
(WIDTH1:0 = 01) 


Accesses on 32-Bit Bus 
(WIDTH1:0 = 10) 


+ (aligned) 


• burst of 2 bytes 


• short-word access 


• short-word access 


+ 1 


• 2 byte accesses 


• 2 byte accesses 


• 2'byte accesses 



Table 22. Summary of /7-Word Load and Store Accesses (n = 


1,2,3,4) 


Address Offset 

from Natural 

Boundary (in Bytes) 


Accesses on 8-Blt Bus 
(WIDTH1:0 = 00) 


Accesses on 16-Bit Bus 
(WIDTH1:0 = 01) 


Accesses on 32 Bit Bus 
(WIDTH1:0 = 10) 


+ (aligned) 
(/7= 1,2,3,4) 


• n burst(s) of 4 bytes 


• casen = 1: 
burst of n word(s) 

• case n = 2: 

burst of 4 short words 

• case A7 = 3: 

burst of 4 short words 
burst of 2 short words 

• case A7 = 4: 

2 bursts of 4 short words 


• burst of 2 short words 


4-1(A7- 1,2,3,4) 
+ 5(A7 = 2,3,4) 
+ 9(/7 = 3,4) 
+ 13(/7 = 3,4) 


• byte access 

• burst of 2 bytes 

• A7-1 burst(s) of 4 bytes 

• byte access 


• byte access 

• short-word access 

• /7-1 burst(s) of 2 short words 

• byte access 


• byte access 

• short-word access 

• /7-1 word 
access(es) 

• byte access 


+ 2 (A7 =1,2,3,4) 
+ 6(n = 2,3,4) 
+ 10(/7= 3,4) 
+ 14(A7 = 3,4) 


• burst of 2 bytes 

• A7-1 burst(s) of 4 bytes 

• burst of 2 bytes 


• short-word access 

• /7-1 burst(s) of 2 short words 

• short-word access 


• short-word access 

• n-1 word 
access(es) 

• short-word access 


+ 3 (A7 =1,2,3,4) 
+ 7(^ = 2,3,4) 
+ 11 (/7= 3,4) 
+ 15(A7= 3,4) 


• byte access 

• A7-1 burst(s) of 4 bytes 

• burst of 2 bytes 

• byte access 


• byte access 

• /7-1 burst(s) of 2 short words 

• short-word access 

• byte access 


• byte access 

• A7-1 word 
access(es) 

• short-word access 

• byte access 


+ 4(A7 = 2,3,4) 
+ 8(A7 = 3,4) 
+ 12 (/7 = 3,4) 


• n burst(s) of 4 bytes 


• n burst(s) of 2 short words 


• A7wordaccess(es) 
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Figure 30. Summary of Aligned and Unaligned Accesses (32-Bit Bus) 
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Figure 31. Summary of Aligned and Unaligned Acdesses (32-Bit Bus) (Continued) 
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^cc a"d CLKIN stable to RESET High, minimum 
1 0,000 CLKIN periods, for PLL stabilization. , 



I Internal self-test, appr- 
oximately 41 4.000 CLKIN . Bus 
periods (if selected) ; Activity 



NOTES: 

1. The processor asserts FAIL during Internal self-test. If self-tes t pas ses, the FAIL pin is deasserted. The processor also asserts FAIL 
during the bus confidence test. If the bus confidence test passes, FAIL is deasserted and the processor begins user program execution. 

2. If the processor falls internal self-test, It will initiate one dummy load bus access. The load address will indicate the point of self-test 
failure. 

3. Since the bus is idle, hold requests will be honored during reset and internal self-test. 



CO 




80960JA/JF EiUIBEDDEd 32-BIT MICROPROCESSOR 



intel 



6.0 DEVICE IDENTIFICATION 

80960JA/JF processors may be identified electrically according to device type and stepping (see Table 23). 
The 32-bit identifier Is accessible in three ways: 

• Upon reset, the identifier is placed into the gO register. 

• The identifier may be accessed from supervisor mode at any time by reading the DEVICEID register at 
address FF00871 OH. 

• The IEEE Standard 1149.1 Test Access Port may select the DEVICE ID register through the IDCODE 
instruction. 

The stepping number is also printed on the top side of the product package. 

Table 23. 80960JA/JF Die and Stepping Reference 



Device and 
Stepping 


Version 
Number 


Part Number 


l\/lanufacturer 


X 


Compiete ID 
(Hex) 


80960JAA0 


0000 


100010000010 0001 


0000 oooi 001' 


1 


08821013 


80960JFA0 


OOQO 


10001000 0010 0000 


0000 0001 001 


1 


08820013 



7.0 REVISION HISTORY 

This data sheet supersedes revision 272504-001 . Table 24 indicates significant changes since the previous 
revision. 

Table 24. Revision History (Sheet 1 of 2) 



Section 


Last 
Rev. 


Description 


Figure 2, 80960JA/JF Block Diagram (pg. 2) 


-001 


Added 80960JA product version, which 
includes 2 Kbyte instruction cache and 
1 Kbyte data cache. 


Table 1, 80960JA/JF Instruction Set (pg. 5) 


-001 


Renamed Conditional Move instruction to 
Conditional Select instruction. 


Table 3, Pin Description— External Bus Signals (pg. 7) 


-001 


Clarified description of unused AD31 :0 
pins during write operations. Corrected 
description of AD31 :0 pins during HALT 
mode. Renamed ADS pin from Address/ 
Data Status to Address Strobe (pin 
function unchanged). Corrected 
description of BE3:2 pins to indicate high 
state when pin(s) unused. 


Table 4, Pin Description—Processor Control 
Signals, Test Signals and Power (pg. 10) 


-001 


Added note that TDO does not float 
during ONCE Mpde. Added note to 
ground TRST if TAP unused. 


Figure 3, 132-Lead Pin Grid Array Bottom 

View— Pins Facing up (pg. 1 2) 

Figure 4, 132-Lead Pin Grid Array Top 

View— Pins Facing down (pg. 13) 

Table 6, 132-Lead PGA PInout— In Signal Order (pg. 14) 

Table 7, 132-Lead PGA Pinout— In Pin Order (pg. 15) 


-001 


New figures and tables. Pin C8 changed 
from Vcc (previously published 
elsewhere) to NC. Processor operates 
correctly in a system with either 
connection. 
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Table 24. Revision History (Sheet 2 of 2) (Continued) 



Section 


Last 
Rev. 


Description 


Figure 5. 132-Lead PQFP— Top View (pg. 16) 

Table 8, 132-Lead PQFP Pinout— In Signal Order (pg. 18) 

Table 9, 132-Lead PQFP Pinout— In Pin Order (pg. 18) 


-001 


New figure and tables. Lead 1 9 changed 
from Vcc(i/0) (previously published 
elsewhere) to NC. Processor operates 
correctly in a system with either 
connection. 


Section 3.2, Package Thermal Specifications (pg. 19) 


-001 


New section with tables of thermal 
characteristics. 


Section 4.0, ELECTRICAL SPECIFICATIONS (pg. 21) 


-001 


New section with targeted operating 
conditions, targeted DC characteristics, 
targeted AC specifications and AC timing 
waveforms. 


Figure 29, HOLD/HOLDA Waveform For Bus 
Arbitration (pg. 42) 


-001 


Improved figure. 


Table 1 9, Natural Boundaries for Load and 

Store Accesses (pg. 42) 

Table 20, Summary of Byte Load and 

Store Accesses (pg. 43) 

Table 21 , Summary of Short Word Load and 

Store Accesses (pg. 43) 

Table 22, Summary of n-Word Load and 

Store Accesses (n = 1 , 2, 3,,4) (pg. 43) 

Figure 30, Summary of Aligned and Unaligned 

Accesses (32-Bit Bus) (pg. 44) 


-001 


New tables and figures to explain bus 
access alignment 


Figure 32, Cold Reset Waveform (pg. 46) 


-001 


New figure. 


Section 6.0, DEVICE IDENTIFICATION (pg. 47) 


-001 


New section. 
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80960HA/HD/HT 

32-BIT HIGH-PERFORMANCE SUPERSCALAR 

PROCESSOR 

•Binary Compatible with Other 80960 Processors 
• Two lnstructions/Clocl( Sustained Execution 



32-Bit Parallel Architecture 

— Load/Store Architecture 

~ Sixteen 32-Bit Global Registers 

— Sixteen 32-Bit Local Registers 

— 1.2 Gbyte/second Internal Bandwidth 
(75 MHz) 

— On-Chip Register Cache 

High-Performance On-Chip Storage 
-^ 16 Kbyte Four-Way Set Associative 
Instruction Cache 

— 8 Kbyte Four- Way Set Associative 
Data Cache 

— 2 Kbyte General Purpose RAM 

— Separate 128 Bit Internal Paths For 
Instructions/Data 

3.3V Supply Voltage 

— 5V Tolerant Inputs 

— TTL Compatible Outputs 

Guarded Memory Unit 

— Provides Memory Protection 

— User/Supervisor Read/Write/ 
Execute 



32-Bit Demultiplexed Burst Bus 

— Per Byte Parity Generation and 
Checking 

— Address Pipelining Option 

— Fully Programmable Wait State 
Generator 

— Supports 8-, 16- or 32-Bit Bus Widths 
— 160 Mbyte/second External 

Bandwidth (40 MHz) 

High-Speed Interrupt Controller 

— Up to 240 External Interrupts 

— 31 Fully Programmable Priorities 

— Separate, Non-maskable Interrupt Pin 

On-Chip 32-Bit Timers 

— Auto Reload Capability and One-shot 

— CLKIN Prescaling, ^ 1, 2, 4, or 8 

JTAG Support-IEEE 1149.1 Compliant 

Processor Core Clock 

— 80960HA is 1x bus clock 

— 80960HD is 2x bus clock 

— 80960HT is 3x bus clock 
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1.0 PURPOSE 

This document provides a descriptive preview of the 
Intel's i960r Hx embedded superscalar microproces- 
sors, including (see Table 1): 

• 80960HA— executes instructions at the same fre- 
quency as the bus (CLKIN) 

• 80960HD— clock doubled: executes instructions 
at twice the bus frequency 

• 80960HT— clock tripled: executes instructions at 
three times the bus frequency 

Future revisions of this data sheet will provide tar- 
geted electrical characteristics. Detailed descrip- 
tions for functional topics—other than parametric 
performance — will be published In the i960® Hx 
Microprocessor User's Guide. 

2.0 80960HX OVERVIEW 

Intel's 80960HX is the performance follow-on prod- 
uct to the 80960CF microprocessor. The 80960Hx is 
binary code-compatible with the 80960CF; this al- 
lows customers to create CA/CF designs which can 
use the 80960Hx. 

As shown in Figure 1 , the 80960Hx instruction cache 
is 16 Kbytes; data cache is 8 Kbytes and the data 
RAM expanded to 2 Kbytes. 

The 80960HX is pin and binary code compatible with 
the 32-bit 80960Cx Core Architecture. It includes 
Special Function Register extensions to control on- 
chip peripherals, and instruction set extensions to 
shift 64-bit operands and configure on-chip hard- 
ware. Multiple 128-bit internal buses, on-chip in- 
struction caching and a sophisticated instructio n 
scheduler allow the processor to sustain execution 
of two instructions every clock and peak at execu- 
tion of three instructions per clock. 

A 32-bit demultiplexed and pipelined burst bus Inter- 
face provides a maximum 1 60 Mbyte/s bandwidth to 
the external memory subsystem. Also, the 
80960Hx's support for on-chip instruction caching, 
procedure context and critical program data sub- 
stantially decouple system performance from the 
wait states associated with accesses to the sys- 
tem's s lower, cost sensitive, main memory subsys- 
tem. 



The 80960HX bus controller integrates full wait state 
and bus width control providing high system per- 
formance with minimal system design complexity. 
Unaligned access and Big Endian byte order support 
reduces the cost of porting existing applications to 
the 80960HX. The Big Endian and unaligned word 
loads and stores are implemented in hardware. 

The interrupt controller provides full programmability 
of 240 interrupt sources into 31 priority levels. 



2.1 The H-Series Core 

The H-Series core is a very high performance micro- 
architectural implementation of the 80960 Core Ar- 
chitecture. This core can sustain execution of two 
instructions per core clock (150 MIPS at 25 MHz in 
3x clock mode). To achieve this level of perform- 
ance, Intel has incorporated state-of-the-art silicon 
technology and Innovative microa rchltectural con- 
structs into the H-Series core implementation. Fac- 
tors that contribute to the core's performance in- 
clude: 

• Parallel instruction decoding allows issuance of 
up to three instructions per clock 

• Single-clock execution of most instructions 

• Parallel instruction decode allows sustained, 
simultaneous execution of two instructions every 
clock cycle 

• Efficient instruction pipeline minimizes pipeline 
break losses 

• Register and resource scoreboarding allow simul- 
taneous multi-clock instruction execution 

• Branch look-ahead and prediction allows many 
branches to execute with no pipeline break 

• Local Register Cache Integrated on-chip caches 
Call/Return context 

• Four-way set associative, 16 Kbyte integrated in- 
struction cache 

• 8 Kbyte data cache, write through, write allocate 

• 2 Kbyte integrated Data RAM sustains a four- 
word (128-bit) access every clock cycle 

• Processor core clock frequency Is a multiple of 
the bus clock 

• Unaligned word and short-word accesses are Im- 
plemented in hardware 

• Big Endian byte order implemented in hardware 
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Table 1. 80960Hx Product Description 



Product 


Core 


Voltage 


Operating Frequency (bus/core) 


80960HA 


1x 


3.3V 


25/26, 33/33, 40/40 


80960HD 


2x 


3.3V 


16/32,25/50,33/66 


80960HT 


3x 


3.3V 


20/60, 25/75 



2.2 Pipelined, Burst Bus 

A 32-bit high performance bus controller interfaces 
the 80960HX core to the external memory and pe- 
ripherals. The Bus Control Unit features a maximum 
transfer rate of 160 Mbytes per second (at 40 MHz). 
Internally programmable wait states and 16 sepa- 
rately configurable physical memory regions allow 
the processor to Interface with a va riety of memory 
subsystems with a minimum of system complexity 
and a maximum of performance. 

The Bus Controller's main features Include: 

• Demultiplexed, Burst Bus to exploit most efficient 
DRAM access modes 

• Address Pipelining to reduce memory cost while 
maintaining performance 

• 32-, 16- and 8-bit modes for I/O interfacing ease 

• Full internal wait state generation to reduce sys- 
tem cost 

• Little and Big Endian support to ease application 
development 

• High performance Unaligned access support for 
code portability 

• Three-deep request queue to decouple the bus 
from the core 

• Decoupled physical (wait state profile, bus width, 
parity) and logical (cacheability, big/ little endian) 
configurations 



2.3 Priority Interrupt Controller 

A programmable priority interrupt controller man- 
ages up to 240 external sources through the 8-bit 
external Interrupt port. The Interrupt Unit also han- 
dles the two internal sources from the Timers and a 
single hon-maskable interrupt input. The 8-bit inter- 
rupt port can also be configured to provide individual 
interrupt sources that are level or edge triggered. 

80960HX interrupts are prioritized and signaled with- 
in TBD ns of the request. If the interrupt is of higher 
priority than the processor priority, the context 
switch to the interrupt routine typically completes in 
another TBD ns. The interrupt unit provides the 
mechanism for the low latency and high throughput 
interrupt service which is essential for embedded ap- 
plications. 



2.4 Instruction Set Summary 

Table 2 summarizes the 80960Hx instruction set by 
logical groupings. 
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Table 2. 80960Hx Instruction Set 



Data Movement 


Arithmetic 


Logical 


Bit/Bit Field/Byte 


Load 

Store 

Move 

Load Address 

Conditional Select2 


Add 

Subtract 

Multiply 

Divide 

Remainder 

Modulo 

Shift 

Extended Shift 

Extended Multiply 

Extended Divide 

Add with Carry 

Subtract with Carry 

Rotate 

Conditional Add2 

Conditional Subtract2 


And 

Not And 
And Not 
Or 

Exclusive Or 
Not Or 
Or Not 
Nor 

Exclusive Nor 
Not 
Nand 


Set Bit 

Clear Bit 

Not Bit 

Alter Bit 

Scan For Bit 

Span Over Bit 

Extract 

Modify 

Scan Byte for Equal 

Byte Swap2 


Comparison 


Branch 


Call/Return 


Fault 


Compare 

Conditional Compare 
Compare and Increment 
Compare and Decrement 
Compare byte2 
Compare short2 
Test Condition Code 
Check Bit 


Unconditional Branch 
Conditional Branch 
Compare and Branch 


Call 

Call Extended 

Call System 

Return 

Branch and Link 


Conditional Fault 
Synchronize Faults 


Debug 


Processor Mgmt 


Atomic 


Cache Control 


Modify Trace Controls 

Mark 

Force Mark 


Flush Local Registers 

Modify Arithmetic 

Control 

Modify Process Controls 

Interrupt Enable/ Disablei .2 

System ControM 

HALT1.2 


Atomic Add 
Atomic Modify 


Instruction Cache 

ControM .2 

Data Cache ControM .2 



NOTES: 

1. 80960HX extensions to the 80960 core instruction set. 

2. 80960HX extensions to the 80960Cx instruction set 
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3.0 PACKAGE INFORMATION 

This section describes the pins, pinouts and thermal 
characteristics for the 80960Hx In the 168-pin Ce- 
ramic Pin Grid Array (PGA) package, 208-pln power 
quad II (SQFP). For complete package specifica- 
tions and Information, see the Intel Packaging Hand- 
book (Order #240800). 



3.1 Pin Descriptions 

This section defines the 80960Hx pins. Table 3 pres- 
ents the legend for interpreting the pin descriptions 
in Table 4. All pins float while the processor is in the 
ONCE mode, except TDO. 



Table 3. Pin Description Nomenclature 



Symbol 


Description 


1 


Input only pin Output only pin 


I/O 


Pin can be input or output 





Pin must be connected as indicated for 




proper device functionality 


S(E) 


Synchronous edge sensitive input. This 




input must meet the setup and hold 




times relative to CLKIN to ensure 




proper operation of the processor. 


S(L) 


Synchronous level sensitive input. This 




Input must meet the setup and hold 




times relative to CLKIN to ensure 




proper operation of the processor. 


A(E) 


Asynchronous edge sensitive input. 


A(L) 


Asynchronous level sensitive input. 


H(....) 


While the processor bus is in the HOLD 




state (HLDA asserted), the pin: 




H(1) is driven to Vcc 




H(0) is driven to Vss 




H(Z) floats 




H(Q) continues to be a valid output 


B(....) 


While the processor is in the bus 




backoff state (BOFF asserted), the pin: 




B(1) is driven to Vcc 




8(0) is driven to Vss 




B(Z) floats 




B(Q) continues tp be a valid output 


R(....) 




While the processor's RESET pin is 




asserted, the pin: 




R(1) is driven to Vcc 




R(0) is driven to Vss 




R(Z) floats 




R(Q) continues to be a valid output 


P(....) 


While the processor is in HALT mode: 




P(1) is driven to Vcc 




P(0) is driven to Vss 




P(Z) floats 




P(Q) continues to be a valid output 
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Table 4. 80960Hx Processor Family Pin Descriptions 



Name 


Type 


Description 


A31:2 




H(Z) 
B(Z) 
R(Z) 
P(Q) 


ADDRESS BUS carries the upper 30 bits of the physical address. A31 is the most 
significant address bit and A2 is the least significant. During a bus access, A31 :2 identify all 
external addresses to word (4-byte) boundaries. The byte enable signals indicate the 
selected byte in each word. During burst accesses, A3 and A2 increment to indicate succe 
sslve addresses. 


D31:0 


I/O 

S(L) 
H(Z) 
B(Z) 
R(Z) 
P(1) 


DATA BUS carries 32, 16, or 8-bit data quantities depending on bus width configuration. 
The least sigjnificant bit of the data is carried on DO and the most significant on D31 . The 
lower 8 data lines (D7:0) are used when the bus is configured for 8-bit data. When 
configured for 1 6-bit data, D1 5:0 are used. 


DP3:0 


I/O 

S(L) 
H(Z) 
B(Z) 
R(Z) 
P(1) 


DATA PARITY carries parity information for the data bus. Each parity bit is assigned a 

group of 8 data bus pins as follows: 

DP3 generates/checks parity for D31 :24 

DP2 generates/checks parity for D23:1 6 

DP1 generates/checks parity for D1 5:8 

DPO generates/checks parity for D7:0 

Parity Information is generated for a processor write cycle and is checked for a processor 

read cycle. Parity checking and polarity are programmable. Parity generation/checking is 

only performed for the size of the data accessed. 


PCHK 




H(Q) 
B(Q) 
R(1) 
P(1) 


PARITY CHECK indicates the result of parity check operation. When PCHK is asserted, the 
previous bus read access resulted In a parity check error. 


BE3:0 




H(Z) 
B(Z) 
R(1) 
P(1) 


BYTE ENABLES select which of the four bytes addressed by A31 :2 are active during a bus 
access. Byte enable encoding is dependent on the bus width of the memory region 
accessed: 
32-bit bus : 

BE3 enables 031:24 

BE2 enables 023:16 

BET enables 015:8 

BEO enables 07:0 
16'bitbus: 

BE3 becomes Byte High Enable (enables 015:8) 

BE2 is not used (state is high) 

BET becomes Address Bit 1 (A1) 

BEO becomes Byte Low Enable (enables 07:0) 
8-bit bus: 

BE3 is not used (state is high) 

BE2 is not used (state is high) 

BET Address Bit 1 (A1) 

BEO Address Bit (AO) 
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Table 4. 80960Hx Processor Family Pin Descriptions (Continued) 



Name 


Type 


Description 


W/R 




H(Z) 
B(Z) 
R(0) 
P(0) 


WRITE/READ is low for read accesses and higii for write accesses. W/R becomes valid 
during the address phase of a bus cycle and remains_yalid until the end of the cycle for 
non-pipelined accesses. For pipelined accesses, W/R changes state when the next 
address is presented. 


D/C 



H(Z) 
B(Z) 
R(0) 
P(0) 


DATA/CODE indicates that a bus access is a data access (1) or an instruction access(O). 
D/5 has the same timing as W/R. 


SUP 




H(Z) 
B(Z) 
R(1) 
P(Q) 


SUPERVISOR ACCESS indicates whether the current bus access originates from a 
request issued while in supervisor mode (0) or user mode (1). SUP can be used by the 
memory subsystem to isolate supervisor code and data structures from non-supervisor 
access. 


ADS 




H(Z) 
B(Z) 
R(1) 
P(1) 


ADDRESS STROBE indicates a valid address and the start of a new bus access. ADS is 
asserted for the first clock of a bus access. 




S(L) 




READY 


READY, when enabled for a memory region, is asserted by the memory subsystem to 


indicate the completion of a data transfer. READY is used to indicate that read data on 
the bus is valid, or that a write transfer has completed. READY works in conjunction with 
the Internal wait state generator to accommodate various memory speeds. READY is 
sampled af ter any programmed wait states: 
{ •during each data cycle of a burst access 
•during the data cycle of a rion-burst access 


BTERM 


1 
S(L) 


BURST TERMINATE, when enabled for a memory region, is asserted by the memory 
subsystem to terminate a burst access in progress. When BTERM is asserted, the current 
burst access is terminated and another address cycle occurs. 


WAIT 




H(Z) 
B(Z) 
R(1) 
P(1) 


WAIT Indicates the status of the internal wait-state generator. WAIT is asserted when the 
internal wait state generator generates Nwad. Nrad. Nwdd and Nrdd wait states. WAIT 
can be used to derive a write data strobe. 


BLAST 




H(Z) 
B(Z) 
R(1) 
P(1) 


BURST LAST Indicates the last transfer in a bus access. BLAST is asserted in the last 
data transfer of burst and non-burst accesses after the Internal wait-state generator 


reaches zero. BLAST remains active as long as wait states are inserted via the READY 


pin. BLAST becomes inactive after the final data transfer in a bus cycle. 
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Table 4. 80960Hx Processor Family Pin Descriptions (Continued) 



Name 


Type 


Description 


DT/R 




H(Z) 
B(Z) 
R(0) 
P(0) 


DATA TRANSMIT/RECEIVE indicates direction for data transceivers. DT/R is used with 
DEN to provide control for data transceivers connected to tlie data bus. DT/R is driven 
low to indicate the processor expects data (a read cycle). DT/R is driven high when the 
processor is "transmitting" data (a store cycle). DT/R only changes state when DEN is , 
high. 


DEN 




H(Z) 
B(Z) 
R(1) 
P(1) 


DATA ENABLE indicates data transfer cycles during a bus access. DEN is asserted at 
the start of the first data cycle in a bus access and d^-asserted at the end of the last data 
cycle. DEN is used with DT/R to provide control for data transceivers connected to the 
data bus. DEN remains asserted for sequential reads from pipelined memory regions. 


LOCK 




H(Z) 
B(Z) 
R(1) 
P(1) 


BUS LOCK indicates that an atomic read-modify-write operation is in progress. LOCK 
may be used by the memory subsystem to prevent external agents from accessing 
memory which is currently involved in an atomic operation (e.g. a semaphore). LOCK is 
asserted in the first clock of an atomic operation and de-asserted when BLAST is 
deasserted in the las t bus cycle. 


HOLD 


S(L) 


HOLD REQUEST signals that an external agent requests access to the processor's 

address, data and control buses. When HOLD is asserted, the processor: 

•Completes the current bus request 

•Asserts HOLDA and floats the address, data, and control buses. 

When HOLD is deasserted, the HOLDA pin is deasserted and the processor reassumes 

control of the address, data, and control pins. 


HOLDA 



H(1) 
B(Z) 

R(Q) 

P(Q) 


HOLD ACKNOWLEDGE indicates to an external master that the processor has 
relinquished control of the bus. The processor grants HOLD requests and enters the 
HOLDA state while the RESET pin is asserted. HOLDA is never granted while LOCK is 
asserted. 


BOFF 


1 

S(L) 


BUS BACKOFF forces the processor to immediately relinquish control of the bus on the 
next clock cycle. When READY/BTERM is enabled and: 

• When BOFF Is asserted, the address, data, and control buses are floated on the next 
clock cycle and the current access is aborted. 

• When BOFF is deasserted, the processor resumes by regenerating the aborted bus 
access. 

See Figure 39, BOFF Functional Timing (pg. 46) for BOFF timing requirements. 


BREQ 




H(Q) 
B(Q) 
R(0) 
P(0) 


BUS REQUEST indicates that a bus request is pending in the bus controller, but the 
processor is not stalled pending the result of the bus operation. BREQ can be used with 
BSTALL to indicate to a an external bus arbiter the processor's bus ownership 
requirements. 
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Table 4. 80960Hx Processor FamHy Pin Descriptions (Continued) 



Name 


Type 


Description 


BSTALL 




H(Q) 
B{Q) 
R(0) 
P(0) 


BUS STALL indicates that the processor has stalled pending the result of a request In 
the bus controller. When BSTALL is asserted, the processor must regain ownership of 
the bus in order to continue processing (i.e. it can no longer execute strictly out of on 
chip cache memory). 


CT3:0 


O 

H(Z) 
B(2) 
R(Z) 
P(7) 


CYCLE TYPE Indicates the type of bus cycle currently being started or processor state. 
CT3:0 Encoding: 

Cycle Type ADS CT3:0 

Program-initiated access using 8-bit bus 0000 
Program-initiated access using 1 6-bit bus 0001 
Program-initiated access using 32-bit bus 0010 
Event-initiated access using 8-bit bus 01 00 
Event-initiated access using 1 6-bit bus 0101 
Event-initiated access using 32-bit bus 0110 
Reserved 0X11 
Reserved for future products 1 XXX 
Processor not halted, otherwise reserved 1 0X00 
Processor not halted, othenvise reserved 1 0X01 
Processor not halted, otherwise reserved 1 0X10 
Reserved 1 0011 
Processor in HALT mode 1 0111 
Resen/ed for future products 1 1 XXX 


XINT7:0 


A(E) 
A(L) 


EXTERNAL INTERRUPT pins are used to request interrupt service. These pins can be 
configured in three modes: 

Dedicated Mode: Each pin is assigned a dedicated interrupt level. Dedicated inputs can 
be programmed to be level (low or high) or edge (rising or falling) sensitive. 

Expanded Mode: All eight pins act as a vectored interrupt source. The interrupt pins are 
level sensitive in this mode. 


Mixed Mode: The XINT7:5 pins act as dedicated sources and the XINT4:0 pins act as the 
6 most significant bits of a vectored source. The least significant bits of the vectored 
source are set to "01 0" internally. 


NMI 


1 
A(E) 


NON-MASKABLE INTERRUPT causes a non-maskable Interrupt event to occur. NMI is 
the highest priority interrupt source. NMI is falling edge triggered. 


CLKIN 




CLOCK INPUT provides the time base for the 80960Hx. All internal circuitry is 
synchronized to CLKIN. All input and output timings are specified relative to CLKIN. 

For the 80960HD, the 2x internal clock is derived by multiplying the CLKIN frequency by 
2. For the 80960HT, the 3x internal clock is derived by multiplying the CLKIN frequency 
by 3. 


RESET 


1 

A(L) 


RESET forces the device Into reset. RESET causes all external and internal signals to 
return to their reset state (if defined). The rising edge of RESET starts the processor boot 
sequence. 
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Table 4. 80960HX Processor Family Pin Descriptions (Continued) 



Name 


Type 


/ Description 


STEST 


1 

S(L) 


SELF TEST, when asserted during tlie rising edge ofRESET, causes the processor to 
execute its built in self-test. 


FAIL 




H(Q) 
B(Q) 
R(0) 
P(1) 


FAIL indicates a failure of the processor's built-in self-test performed during initialization. 
FAlL is asserted immediately out of reset and toggles during self-test to indicate the 
status of Individual tests. If self-test passes, FAIL is de-asserted and the processor 
branches to the user's initialization code. Should self-test fail, the FAIL pin is asserted 
and the processor ceases execution. 


ONCE 


1 


On-Circuit Emulation control: the processor samples this pin during reset. If it is asserted 
low at the end of reset, the processor enters ONCE mode. In ONCE Mode, the 
processor stops all clocks and floats ail output pins except the TDO pin. 


TCK 


1 


TEST CLOCK provides the clocking function for IEEE 1 149.1 Boundary Scan testing. 


TDI 


1 


TEST DATA INPUT is the serial input pin for IEEE 1 149.1 Boundary Scan testing. 


TDO 





TEST DATA OUTPUT is the serial output pin for IEEE 1 149.1 Boundary Scan testing. 
THIS OUTPUT IS ACTIVE DURING ONCE. 


TRST 


1 


TEST RESET asynchronously resets the Test Access Port (TAP) controller. 


TMS 


1 


TEST MODE SELECT is sampled at the rising edge of TCK. TCK controls the sequence 
of TAP controller state changes for IEEE 1 149.1 Boundary Scan testing. 


VCC5 


' 


5V Reference Voltage input is the reference voltage for the 5V-tolerant I/O buffers. 
This signal should be connected to + 5V ± 6% for use with inputs which exceed 3.3V. If 
all inputs are from 3.3V components, this pin should be connected to 3.3V. 


VCCPLL 


1 


PLL Voltage is the + 3.3 VDC analog input for the PLL. 


VOLDET 





Voltage Detect signal allows external system logic to distinguish between a 5V 
80960CX processor and the 3.3V 80960Hx processor. This signal is active low for a 3.3V 
80960HX (it Is high impedance for 5V 80960Cx). This pin is available only on the PGA 
version. 



3.2 80960HX Mechanical Data 



3.2.1 80960HX PGA PINOUT 



Figure 2 depicts the complete 80960Hx PGA pinout'as viewed from the top side of the component (i.e., pins 
facing down). Figure 3 shows the complete 80960Hx PGA pinout as viewed from the pin-side of the package 
(i.e., pins facing up). Table 6 lists the 80960Hx pin names with package location. See Section 4.2, Recom- 
mended Connections (pg. 18) for sp ecifications and recommended connections. 



1-454 



!p[^@iDy©T IF[^E¥0O 



Intel 



80960HA/HD/HT 





S R 


Q 


P 


N 


M 


L 


K 


J 


H 


Q 


F 


E 


D 


C B 


A 




1 


O O 


o 


O 


o 


O 


O 


O 


O 


o 


o 


O 


o 


O 


D3 TOFF 


o 


1 




D2S D24 


D21 


D19 


D17 


Die 


D15 


D13 


D12 


D11 


D9 


DB 


D7 


DS 


Vn 




2 


o o 


o 





O 


o 


o 


o 


o 


o 


o 


o 


o 


o 


O O 


£ 


2 




D29 D27 


023 


oao 


D18 


Vcc 


D14 


Vcc 


Vcc 


D10 


Vcc 


D6 


D4 


D2 


D1 8TE8T 




3 


?IS5y D31 


O 


O 


O 


o 


o 


o 


o 


o 


o 


o 


O 


O 


&m DPI 


o 


3 




02e 


022 


Vcc 


V88 


Vm 


Vss 


Vss 


Vss 


Vss 


Vcc 


DO 


NC 


DPO 




4 


o o 

HOLDABTERM 


O 

D28 
























o o 

Vss DP3 


o 

0P2 


4 


5 


5^ HOLD 


O 
























o o 


o 


5 




D30 
























VCC5 TCK 


VOLDET 




6 


o o 

as adS 


vO 
























o o 

Vcc TM8 


O 

TRST 


6 


7 


9. ? 

ggi Vce 


vO 
























o o 

Vss Vcc 




TDI 


7 


a 


o P 


2 
























Vss ^CHK 


o 

TDO 


8 


9 


o o 


2 
























O O 


O 


9 




SER SEo 
























Vss Vcc 


NC 




10 


O 

w/R Voc 


v^ 
























o o 

Vss VcCPU 


O 

NC 


10 


11 


o o 


o 
























o o 

Vss Vcc 


O 

CTO 


11 


12 


J2. O 

WAIT BSTAU. 


^ 
























o o 

Vss Vcc 


o 

CT1 


12 


13 


Q O 

OG BREO 


o 
























o o 


o 


13 




A30 
























CLKIN NC 


0T2 




14 


LOCK A29 


o 

A28 
























o o 

Vcc NC 


O 

CT3 


14 


15 


o o 


O 


O 


o 


O 


o 


o 


o 


o 


o 


o 


o 


Q. _Q._Q. ^ 


15 




A31 A26 


A24 


A20 


Vcc 


VS8 


Vss 


Vss 


Vss 


Vss 


Vss 


Vss 


Vce 


NMI 


XINT4 XINTO 


XINT1 




16 


O O 


O 


o 


o 


O 


o 


o 


o 


o 


o 


O 


o 


o 


XINT6 XINT3 


_Q_ 


16 




A27 A23 


A21 


A19 


A16 


Vcc 


A13 


Vcc 


Vcc 


Vcc 


A7 


Vcc 


A4 


A2 


RESET 




17 


o o 


O 


o 


O 


o 


O 


o 


o 


o 


o 


o 


o 


o 


o o 


o 


17 




A25 A22 


A18 


A17 


A1S 


A14 


A12 


All 


A10 


A9 


A8 


A6 


AS 


A3 


XINT7 XINT5 


XINT2 






S R 


Q 


P 


N 


M 


L 


K 


J 


H 


G 


F 


E 


D 


C B 


A 
































272495-2 




Figure 2. 80960Hx 168-Pin PGA Pinout— View from Top (Pins Facing Down) 
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Figure 3. 80960Hx 168-Pin PGA Pinout— View from Bottom (Pins Facing Up) 
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Table 5. 80960Hx 168-pln PGA Pinout— Pin Number Order 



PGA Pin 


Signal Name 


PGA Pin 


Signai Name 


PGA Pin 


Signai Name 
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3.3 Stepping Register Information 

I 

The memory mapped register at FF008710 contains the 80960Hx Device ID. The ID is Identical to the ID 
obtained from a JTAG Query. Figure 4 defines the current 80960Hx Device IDs. The value for device identifica- 
tion is compliant with the IEEE 1149.1 specification and Intel standards. Table 6 describes the fields of the 
device ID. 



Part Number 



Product 
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•ersion Vc 
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;c 
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1 
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1 
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1 








Manufacturer ID 

1 
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n II II 
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Figure 4. 80960Hx Device Identification Register 



Table 6. Fields of 80960Hx Device ID 



Field 


Value 


Definition 


Version 


0000 = AO Step 


Indicates major stepping changes. 


Vcc 


1 = 3 volt part 


Indicates a device is 3V. 


Product Type 


00 0100 

(Indicates i960 CPU) 


Designates type of product. 


Generation 
Type 


0000 == reserved 
0010 = H-series 


Indicates the generation (or series) that the product belongs to. 


Model 


See Table 8 


Indicates member within a series and specific model information. 


Manufacturer ID 


000 00001001 
(Indicates Intel) 


Manufacturer ID assigned by EEE. 



Table 7. HA Device ID Model Types 



Device 


Version 


Vcc 


Product 


Gen. 


l\/iodel 


Manufacturer ID 


'V 


80960HA 


0000 


1 


000100 


0010 


00000 


00000001001 


1 


80960HD 


0000 


1 


000100 


0010 


00010 


00000001001 


1 


80960HT 


0000 


1 


000100 


0010 


TBD 


00000001001 


1 
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3.4 Sources for Accessories 

The following is a list of suggested sources for 
80960HX accessories. This is neither an endorse- 
ment or a warranty of the performance of any of the 
listed products and/or companies. 

Sockets 

• 3M Textool Test and Interconnection Products 
6801 River Place Blvd. MS 130-3N.29 
Austin, TX 78726-2983 

(800) 328-0411 FAX: (800) 932-9372 

• Augat, Inc. Interconnection Products Group 
452 John Dietsch Blvd. P.O. Box 2510 
Attleboro Falls, MA 02763 

(508) 699-7646 

• Concept Mfg, Inc. (Decoupling Sockets) 
400 Walnut St. Suite 609 

Redwood City, CA 94063 

(415) 365-1162 FAX: (415) 365-1164 

Heatsinks/Fins 

• Thermalloy, Inc. 

2021 West Valley View Lane 

Dallas, TX 75234-8993 

(214) 243-4321 FAX: (214) 241-4656 

• Wakefield Engineering, Inc. 
60 Audubon Road 
Wakefield, MA 01880 

(617) 245-5900 FAX: (617) 246-0874 
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4.0 ELECTRICAL SPECIFrCATIONS 



4.1 Absolute Maximum Ratings 



Parameter 


Maximum Ratings 


Storage Temperature 


-es'^cto+iso'C 


Case Temperature Under Bias 


-65-Cto+110»C 


Supply Voltage wrt. Vss 


- 0.5V to + 4.6V 


Voltage on VCC5wrt.Vss 


-0.5Vto + 6.5V 


Voltage on Other Pins wrt. Vss 


-0.5VtoVcc + 0.5V 



NOTICE: This document contains information on 
products in the design phase of development. Do not 
finalize a design with this information. Revised infor- 
mation will be published when the product is avail- 
able. Verify with your local Intel Sales office that you 
have the latest data sheet before finalizing a design. 



* WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex- 
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 



4.2 Recommended Connections 

Power and ground connections must be made to 
multiple Vcc and Vss (GND) pins. Every 80960Hx- 
based circuit board should include power (Vcc) and 
ground (Vss) P'anes for power distribution. Every 
Vcc PJn n^ust be connected to the power plane; ev- 
ery Vss pin nnust be connected to the ground plane. 
Pins identified a$ "NO"— no connect pins— must not 
be connected in the system. 

Liberal decoupling capacitance should be placed 
near the 80960Hx. The processor can cause tran- 
sient power surges when its numerous output buff- 
ers transition, particularly when connected to large 
capacitive loads. 

Low inductance capacitors and interconnects are 
recommended for best high frequency electrical per- 
formance. Inductance can be reduced by shortening 
the board traces between the processor and decou- 
pling capacitors as much as possible. Capacitors 
specifically designed for PGA packages will offer the 
lowest possible inductance. 



For reliable operatipn, always connect unused in- 
puts to an approp riate s i gnal level. In particular, any 
unused Interrupt (XINT, NIVII) input should be con- 
nected t o Vcc through a pull-up resistor, as should 
BTERM if not used. Pull-up resistors should be in the 
in the r ange of 20 Kft for each pin. tied high. If 
READY or HOLD are not used, the unused input 
should be connected to ground. N.C. pins must al- 
ways remain unconnected. 



4.3 VCC5 Pin Requirements (Vqiff) 

In mixed voltage systems that drive 80960Hx proc- 
essor inputs in excess of 3.3V, the Vccs pin must be 
connected to the system's 5V supply. To limit cur- 
rent flow into the Vccs Pin, there is a limit to the 
voltage differential between the Vccs Pin and the 
other Vcc Pins. The voltage differential between the 
80960HX Vccs P'" and Its 3.3V Vcc P'^s should nev- 
er exceed 2.25V. This limit applies to power up, pow- 
er down, and steady-state operation. Table 9 out- 
lines this requirement. 

Meeting this requirement ensures proper operation 
and guarantees that the current draw Into the Vccs 
pin does not exceed the Ices specification. 

If the voltage difference requirements cannot be met 
due to system design limitations, an alternate solu- 
tion may be employed. As shown in Figure 5, a mini- 
mum of 100 Qhm series resistor may be used to limit 
the current into the Vccs P'"- This resistor ensures 
that current drawn by the Vccs Pin does not exceed 
the maximum rating for this pin. 



+5V (±0.25V) VCCS Pin 

o — w — ^ 

100 Q 
(±5%, 0.5W) 
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Figure 5. Vccs Current-Limiting Resistor 

This resistor is not necessary in systems that can 
guarantee the Vqiff specification. 

In 3.3V-only systems and systems that drive 
80960HX inputs and l/O's from 3.3V logic, connect 
the Vccs pin directly to the 3.3V Vcc plane. 
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Table 8. Vqiff Specification for Dual Power Supply Requirements (3.3V, 5V) 



Symbol 


Parameter 


Min 


Max 


Units 


Notes 


Vdiff 


Vcc5-Vcc 
Difference 




2.25 


V 


Vcc5 input should not exceed VCC by more than 2.25V during 
power-up, power down or during steady-state operation. 
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4.3.1 AC Test Conditions 

AC values are derived using the 50 pF load shown in 
Figure 6. Figure 7 shows how timings vary with load 
capacitance. Specifications are measured at the 
I.SV crossing point, unless otheh/vise indicated. In- 
put waveforms (except for CLKIN) are assumed to 
have a rise and fall time of ^ 2 ns from 0.8V to 2.0V. 



4.3.2 AC Timing Waveforms 



Output Pin 



^ 



Cl = 50 pF for ail signals 
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Figure 6. AC Test Load 
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Figure 7. CLKIN Waveform 
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Figure 8. Output Delay Waveform 



Figure 9. Output Delay Waveform 
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Figure 10. Output Float Waveform 
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CLKIN 
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Figure 11. Input Setup and Hold Waveform 
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NOTE: 

A and B edges are established by de-assertion of RESET. See Figure 19, Cold Reset Waveform (pg. 26). 



Figure 12. NMI, XINT7:0 Input Setup and Hold Waveform 



1-464 



Pl^©OyeT [p|^E¥OEW 



Intel 



80960HA/HD/HT 



CLKIN 



HOLD 



Lf^VJ 



I'^M I MIn *j Min* Min ^ 

L3m '^Wkfi 



HOLDA 



[ 




1.5V, 




[Tpvi Max 
Tqhi HMin I "''OHI 



Tovi T0H1 OUTPUT DELAY— The maximum output delay is referred to as the Output Valid 
Delay (Tqvi)- The minimum output delay is referred to as the Output Hold (Tom) 

Tis T|H INPUT SETUP AND HOLD— The input setup and hold requirements specify the sam- 

pling window during which synchronous inputs must be stable for correct processor 
operation. 



Figure 13. Hold Acknowledge Timings 





Figure 14. Bus Backoff (BOFF) Timings 
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Figure 15. Output Delay or Hold vs. Load Capacitance ' 
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Figure 19. Non-Burst, Non-Pipelined Requests Without Wait States 
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Figure 20. Non-Burst, Non-Pipelineid Read Request With Wait States 
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Figure 21. Non-Burst, Non-Pipelined Write Request With Walt States 
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Figure 22. Burst, Non-Pipelined Read Request Without Wait States, 32-Bit Bus 
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Figure 23. Bursty Non-Pipelined Read Request With Wait States, 32-Bit Bus 
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Figure 24. Burst, Non-Pipelined Write Request Witliout Wait States, 32-Bit Bus 
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Figure 25. Burst, Non-Pipelined Write Request With W^it States, 32-Bit Bus 
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Figure 26. Efurst, Non-Pipelined Read Request With Wait States, 16-Bit Bus 
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Figure 27. Burst, Non-Pipelined Read Request With Wait States, 8-Bit Bus 
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Figure 28. Non-Burst, Pipelined Read Request Without Wait States, 32-Bit Bus 
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Figure 29. Non-Burst, Pipelined Read Request With Wait States, 32-Bit Bus 
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Figure 30. Burst, Pipelined Read Request Without Wait States, 32-Bit Bus 
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Figure 31. Burst, Pipelined Read Request With Wait States, 32-Blt Bus 
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1 . Non-pipelined request concludes, pipelined reads begin 

2. Pipelined reads conclude, non-pipelined requests begin 



Figure 32. Burst, Pipelined Read Request With Wait States, 8-Bit Bus 
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1 . Non-pipelined request concludes, pipelined reads begin 

2. Pipelined reads conclude, non-pipelined requests begin 



Figure 33. Burst, Pipelined Read Request With Wait States, 16-Bit Bus 
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Figure 34. Using External READY 
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NOTE: 

READY adds memory access time to data transfers, whether or not the bus access is a burst access. B TERM inter- 
rupts a bus access, whether or not the bus access has more data transfers pending. Either the READY signal or the 
BTERI\^ signal will terminate a bus access if the signal is asserted during the last (or only) data transfer of the bus 
access. 



Figure 35. Terminating a Burst with BTERI\/I 
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NOTE: 

READY/BTERM must be enabled: Nrad. Nrdd. Nwad. Nwdd = 



Figure 36. BOFF Functional Timing 
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Figure 37. HOLD Functional Timing 
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Figure 38. Lock Delays HOLDA Timing 
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Figure 39. FAiL Functionai Timing 
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NOTE: 

All requests which are less than a word in size and are cacheabje will be promoted to a word to be cached. This 
causes adjacent requests to occur for full words to the same address. 



Figure 40. A Summary of Aligned and Unaligned Transfers for 32-Bit Regions 
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NOTE: 

All requests which are less than a word in size and are cacheable will be promoted to a word to be cached. This 
causes adjacent requests to occur for full words to the same address. 

Figure 41. A Summary of Aligned and Unaligned Transfers for 32-Blt Regions (Continued) 
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Figure 42. A Summary of Aligned and Unaligned Transfers for 16-Bit Bus 
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Figure 43. A Summary of Aligned and Unaligned Transfers for 8-Bit Bus 
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Figure 44. Idle Bus Operation 
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Figure 45. TCK Waveform 
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Figure 47. Output Delay and Output Float for Tbsovi AND Tbsofi 




FlQure 48. Output Delay and Output Float Waveform for Tbsov2 and Tbsof2 
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Figure 49. Input Setup and Hold Waveform for Tbsis2 and Tbsih2 
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NOTE: 

1 . When the PMCON for the region has External Ready Control enabled, wait states are inserted as long as READY and 
BTERM are de-asserted. In the case Read Pipelining is enabled, the Ta state of the subsequent read access is concur- 
rent with the last da ta cycle of the access. Because External Ready Control is disabled for Read Pipelining, the address 
cycle occurs during BLAST. 

2. WgCNT is decremented during Tg^w 

3. WdCNT is decremented during Tdw 

4. WxCNT is decremented during T^v 



Figure 50. Bus States 
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82961 KD 
PRINTER COPROCESSOR 



High Performance Printer 

Coprocessor* 

^ Direct Interface to Intel's i960® KA 

or KB** 32-Bit Embedded 

Processors 

Direct Generic Printer Engine Interface 

— TEC, Canon, Ricoh, Okldata and Ink 
Jet Printer Engines 

Burst Interface Support for i960 KA/KB 
Bus 

Big Endlan or Little Endlan Byte 
Ordering of Font Cartridges 

DRMli Burst Accesses up to 256 Words 
for Graphics Operations 

Bit Map Image Compression 

Compressed Display List Processing 

Programmable EPROM Interface 

— Interfaces to Eight Banks of 
interleaved EPROM 

— individually Programmable Timing 
Parameters 



Programmable DRAM Interface 

— Direct Interface to Four Banks 

— Expandable to Eight Banks 

— Transparent Refresh of DRAM Banks 

— Supports 256 Kbit, 1 Mbit and 4 Mbit 
DRAMS 

— Individually Programmable Timing 
Parameters for All Banks of DRAM 

Programmable I/O Control 

— Chip Select, Access Time, Recovery 
Time 

— Walt State Control for Eight External 
Devices 

Automatic Data Conversion from 16-Bit 
Font Cartridge to 32-Blt i960 Embedded 
Processor Format 

Low-Cost 164-Lead Plastic Quad Fiat 
Pack (PQFP) 

Provides System Timer Functions 




Intel's 82961 KD Printer Coprocessor provides the Intel i960 KA or i960 KB microprocessors with a powerful 
graphics accelerator and compression processor that dramatically increase system performance and reduce 
printer coprocessor system cost. This single chip device provides all necessary system control for the i960 KA 
or i960 KB microprocessors and a direct interface to most laser printer engines. The 82961 KD coprocessor 
contains complete DRAM, I/O and interleaved ROM controllers, font cartridge support and the associated 
logic required to control most non-impact printer mechanisms, a programmable wait state generator and 
programmable chip select generation logic. 

The 82961 KD Printer Coprocessor performs all graphics functions necessary for complex page description 
language (PDL) or printer control language (PCL) controllers. Image compression is achieved using "Scanline 
Tables". Memory requirements for storage of bit mapped images— such as character font cache and graphics 
objects — is significantly reduced using these structures. 

The 82961 KD coprocessor processes a compressed display list to form the bit mapped image of the page to 
be printed. The 82961 KD coprocessor automatically supports "Band buffered" print operations. The chip's 
compressed display list, coupled with its fast graphics operations, allow band buffered printing of very complex 
page description language (PDL) pages such as those PostScriptt generates. 



*The 82961 KD i960 Printer Coprocessor is based on the single-chip controller architecture created by Peerless Systems, 
Corp. 

♦♦Throughout this data sheet, 80960Kx refers to the 80960KA and KB processors. 
tOther brands and names are the property of their respective owners. 
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INTRODUCTION 

The 80960HA/HD/HT1 processors, Intel's new super- 
scalar i960® processor, adds new features arid perform- 
ance to the other well-known products in the i960 proc- 
essor family. The 80960Hx is designed to satisfy the 
compute-intensive, data throughput performance re- 
quirements of both today's applications and those of 
the future. 

This document addresses the important hardware con- 
siderations when designing a "80960Hx ready" sys- 
tem2. This is a system which is designed to use an i960 
Cx processor^ and can also use the 80960Hx processor 
(when available). To help simplify this task, pinout for 
the 80960HX PGA package is similar to pinout for the 
i960 Cx processor PGA package. Although the 
80960HX is not drop-in compatible with all Cx designs, 
systems can be built with a CPU socket footprint which 
will accept either processor. 

A summary of the most important hardware design 
considerations are: 



bus arbitration 



power supply 



DMA controller 



byte enable signals 



Vcc for the Cx is 5V; the Hx uses 
3.3V. An 80960Hx-ready system's 
power supply must accommodate 
these voltage requirements. 

Cx processors have a built-in 
DMA controller; the Hx does not. 
An 80960Hx-ready system should 
not use the Cx built-in DMA con- 
troller. Cx pins used for DMA 
control have different function on 
the Hx. 

The Hx's byte enable encodings 
are a superset of the Cx byte en- 
able encodings. The 80960Hx- 
ready system should be designed 
to accept all combinations of byte 
enable encodings. 



1 Throughout this document, "Hx" refers to the i960 
HA, HD and HT processors. Information that is spe- 
cific to each is clearly indicated. 

2 "80960Hx-ready" refers to a system designed to use a 
CA/CF processor that can also use an 80960Hx. 

3 Throughout this document, "Cx" refers to both the 
i960 CA and CF processors. Information that is spe- 
cific to each is clearly indicated. 



external interrupts 



NxDA wait states 



parity 



The Hx does not grant HOLD re- 
quests during an atomic operation 
(assert HOLDA in response to 
HOLD), but Cx processors will 
grant HOLD requests after any 
bus request, including in the mid- 
dle of atomic accesses. A 
80960Hx-ready system must not 
allow HOLD requests when the 
external LOCK pin is asserted if 
semaphore operations are to be 
performed between bus masters. 

The Hx has an additional arbitra- 
tion signal — BSTALL — which 
can be used by an external arbiter 
to indicate the processor has 
stalled because the bus controller 
is busy. (The Cx does not have 
BSTALL.) 

Interrupt subsystems must pro- 
duce asynchronous interrupt in- 
puts. The Hx samples interrupts 
differently than the Cx processors. 

A system must not rely on Nxda 
wait states between each access. 
Although both the Hx and Cx 
processors have programmable 
NxDA wait states, behavior in the 
Hx is different. The Hx always in- 
serts NxDA wait states between 
accesses. The Cx only inserts 
NxDA wait states between bus 
"requests." Each bus request can 
cause multiple bus accesses. 

An 80960Hx-ready system must 
NOT accept data on writes during 
NxDA wait states. During Nxda 
wait states, the Hx processor 
drives the D31:0 bus. Cx proces- 
sors do not drive valid data during 
Nxda wait states. 
The Hx provides built-in byte pari- 
ty; Cx processors do not. If parity 
is used when the system contains 
an Hx processor, pull-up resistors 
must be provided to ensure that 
inputs sent to either the processor 
or to the external parity system do 
not float. 
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boundary scan 



reserved memory 



AC timing 



The Hx has an IEEE 1149.1 
JTAG interface; conversely, the 
Cx does not support JTAG. If 
JTAG is used when the system 
contains a Cx processor, the proc- 
essor must be externally bypassed 
in the JTAG chain. 

Accesses to reserved memory 
(Oxffxxxxxx) do not appear on the 
Hx bus. The Cx uses Oxffffffxx to 
fetch the Initial Boot Record. Ex- 
ternal decoders should map this 
memory to two different areas in 
the processor's address space. 

AC specifications differ for Hx 
and Cx processors. Of course, AC 
timing analysis must be performed 
when designing a 80960Hx-ready 
system. The Cx AC timings are 
referenced to PCLK2:1; on the 
Hx, AC timings are referenced to 
CLKIN. (The Hx does not have 
PCLK2:1 signals.) 



POWER REQUIREMENTS 

The Hx requires a Vcc of 3.3V while the Cx operate at 
5V. A system can be designed with a socket that ac- 
cepts either processor. The Hx processor may be dam- 
aged if plugged into a socket that supplies 5V Vcc- 
Jumpers, switches, programmable power regulators, or 
other Vcc switching must be provided to select the 
proper Vcc for the processor. The 80960Hx's VOL- 
DET pin can be used to accommodate automatic volt- 
age selection circuitry. 

An 80960Hx-ready system requires 5V on the VCC5 
pin to provide 5V tolerant inputs. 



Providing 3.3 V in a 5 V System 

In most system board designs, the 5 V system power 
supply is routed to the components on the board 
through a dedicated board layer. With the requirement 
of a new 3.3 V supply for the Hx, it is not necessary to 
add a completely new power supply layer to the circuit 
board, as it is possible to create a 3.3 V "island" around 
the processor in the existing power supply plane. 

Figure 1 shows a recommended "island" layout. The 
Hx processor's 5 V tolerant input buffers and TTL 
compatible outputs allow the processor to interface 
with existing TTL compatible external logic without 
requiring extra components. Thus, the processor can 
run at 3.3 V while the system logic runs at 5 V. 

Other important considerations are: 

• The "island" needs to be large enough to include the 
processor, the required power supply decoupling ca- 
pacitance, and the necessary connection to the 3.3 V 
source. 

• To minimize signal degradation, the gap between 
the 3.3 V "island" and the 5 V plane should be kept 
small. A typical gap size is about 0.02 inches. 

• Minimize the number of traces routed across the 
power plane gap, since each crossing introduces sig- 
nal degradation due to the impedance discontinuity 
that occurs at the gap. For traces that must cross 
the gap, route them on the side of the board next to 
the ground plane to reduce or eliminate the signal 
degradation caused by crossing the gap. If this is not 
possible, route the trace to cross the gap at a right 
angle (90 degrees). 

• Use liberal decoupling capaciatnce between the 5V 
plane and the 3.3V island. AO.Ol jmf ceramic capaci- 
tor every 0.5 to 1.0 inches along the perimeter of the 
island will greatly reduce the impedance discontinu- 
ity. 
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Figure 1. Creating a Power "island" 
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Figure 2. Recommended Power Supply Connection Layout 



Choosing a Power Source 

The primary concerns which must be addressed when 
selecting a power source are maximum and minimum 
load current requirements and response time. The proc- 
essor power supply must be able to maintain correct 
voltage^ regulation at current levels below 10 mA for the 
Hx in the HALT Mode, and up to the maximum cur- 
rent of 1.5 A. 

Executing a HALT instruction causes the Hx to enter 
the HALT Mode, which causes a significant reduction 
in the current consumption of the processor in as few as 
100 ns. The transition from HALT to the Normal State 
causes current consumption to return to the normal 
levels in a similarly short period of time. The processor 
power supply must be able to maintain correct voltage 
regulation during these transitions. 

There are basically two options for supplying 3.3 V to 
the processor, either: 

• Add a 3.3 V tap to the primary system power supply 

• Use on-board secondary regulation to derive 3.3 V 
from the 5 V system power supply 

For on-board secondary regulation, a linear voltage 
regulator will perform adequately for most designs. If 
low heat or power dissipation is a design goal, the high- 
er complexity and cost of a switching regulator may be 
warranted. Switching regulators offer better efficiency, 
thereby lowering regulator power consumption and 
heat. 

Figure 2 shqws recommended layouts for power supply 
or linear regulator connection to the 3.3 V "island." 



Power Supply Selection For Flexible 
Systems 

Using the 80960Hx*s voltage detect sense feature, you 
may design a flexible system which will automatically 
provide the proper processor voltage for an 80960Hx or 
Cx processor. It is also possible to make the selection of 
processor voltage an option during system board assem- 
bly. 



VOLDET Automatic Voltage Select 
Circuit Option 

By sampling the VOLDET pin at powerup, system 
boards can automatically select the processor power 
supply voltage, enabling a design that may use the 3.3V 
Hx or a 5 V Cx processor without jumpers or assembly 
time changes. The VOLDET pin is only present in the 
PGA package version of the Hx. This pin, which is an 
NC (No Connect) on the Cx processor, is connected 
internally to Vss on the Hx. This pin should be left 
unconnected in designs that do not use the voltage de- 
tect feature. 

Figure 3 shows an example of VOLDET pin usage with 
a linear regulator circuit to automatically select the cor- 
rect power supply voltage. If VOLDET is not connect- 
ed inside the processor, indicating a 5 V part, the gate 
of MOSFET Ql is pulled high, which bypasses the 3.3 
V regulator, supplying 5 V directly to the processor. 
Shorting the regulator's input to the output in this way 
is harmless for most linear regulators, due to regulator 
feedback circuitry which shuts the regulator off (con- 
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tact regulator manufacturers for specifics). Note that in 
this case, most regulators require Ql to handle all the 
processor's current requirements, and so should be a 
high-current, low on-state-resistance MOSFET. If 



VOLDET is connected to Vss, indicating a 3.3 V part, 
the Ql transistor is turned off, allowing the regulator to 
function normally. Figure 4 shows a suggested place- 
ment and layout for MOSFET Ql. 
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Figure 3. Exampie Voltage Auto-Select Circuit Topology^ 



^Illustration courtesy of Linear Technology Corporation 
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Figure 4. Suggested Placement and Layout for MOSFET 
Used In Optional Voltage Auto-seiect Circuit 



Other Voltage Selection Options 

It is also possible to design a flexible system board 
where the processor supply voltage is selected by an 
assembly time option. There are several methods to 
achieve this; the key requirement being that the design 
must handle the maximum current of 1.5 A. 



VCC5 Pin Requirement 

For mixed voltage systems where the processor inter- 
faces with 5 V components, the VCC5 pin must be con- 
nected to 5 V for proper 5 V tolerant buffer operation. 
The VCC5 input should not exceed Vcc by more than 
2.25 V during power-up, power-down or during opera- 
tion. If this requirement is not met, current flow 
through the pin may exceed 55 mA which may damage 



the component. To meet this requirement, one of two 
things must be done: 

• The power supply must be designed to turn on and 
off such that the difference between the VCC5 and 
Vcc voltages never exceeds 2.25 V, or, 

• A 100 n resistor must be put in series with the 
VCC5 pin to limit the current through this path 
(Figure 5 shows a possible layout for this connec- 
tion). 

• The 100 (I series resistor is required for power sup- 
plies which do not meet the voltage difference speci- 
fication, and also provides protection in the c^se of a 
power supply failure (where the 5 V supply remains 
on, but the 3.3 V supply goes to zero). 

The VCC5 pin corresponds to a NC (no connect) pin 
on the Cx processor. This pin has no effect on the oper- 
ation of the Cx, and can be driven. 
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Figure 5. Possible Layout For VCC5 Pin Connection 



Processor Power Supply Decoupling 

Processor power supply decoupling is critical for reli- 
able operation. With the 80960Hx-ready system, there 
are two areas of concern, each of which are described in 
the following subsections: 

• High frequency decoupling, necessitated by the 
processor's high speed operation 

• Low frequency decoupling, necessitated by the proc- 
essor's power saving features 



High Frequency Power Supply 
Decoupling 

High frequency decoupling is critical on the Cx proces- 
sor. It is especially critical on the Hx processor, because 



of its high speed external bus, and also because of its 
very fast 66 MHz internal operation. 

A reliable design will include a minimum of nine 0.1 jmF 
capacitors and nine 0.01 jmF surface mount capacitors 
between power and ground, evenly distributed, close to 
the processor. The capacitors must be placed as clo$;e to 
the processor as possible, attached directly to the pow- 
er and ground planes, or circuit board inductance will 
significantly reduce their effectiveness. 

A typical failure mode caused by inadequate high fre- 
quency decoupling is unreliable or inconsistent pro- 
gram behavior. These failures are often intermittent, 
and are very hard to debug. Figure 6 shows a recom- 
mended layout for the high frequency capacitors, with 
values as shown. 
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Figure 6. Recommended High-Frequency Capacitor Vaiues and Layout 
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Bulk Power Supply Decoupling 

Bulk, or low frequency, decoupling is needed on all 
i960 processors, including the Cx and Hx processors, 
since the Hx processor may switch between normal and 
low power states very quickly, causing large instanta- 
neous current changes. To properly handle these in- 
stantaneous current changes, all designs must have ade- 
quate bulk decoupling. 

In 5 V only systems, the processor can use the bulk 
decouphng capacitance all over the system board; how- 
ever — with the processor on a separate power plane 
"island" — it is necessary to place adequate bulk ca- 
pacitance on the processor "island." For bulk decou- 
pling, multiple capacitors each in the range of 10 HF to 
100 HF are typically used in parallel to achieve the 
required capacitance while maintaining a low effective 
series resistance (ESR). You can determine the amount 
of bulk decoupling required with the following formula: 

C ~ (Al * AT) / AV 

where AI is the maximum change in current, AT is the 
time it takes the power supply to adjust to the current 
change, AV is the allowable voltage change to remain 
within specification. 



inlel 



The effective series resistance (ESR) must also be taken 
into account. You can find the maximum allowable 
ESR with this formula: 

ESR ~ AV / Al 

where AV and AI are the same as in the first equation. 

For example, for the Hx processor, the maximum 
change in current is about 1.5 A. The response time of a 
linear regulator may be around 15 juis (contact regulator 
manufacturer for precise value). With no guard band, 
the maximum allowable supply voltage deviation from 
3.3 V is 0.3 V, yielding the following: 

C ~ (1.5 A * 15 JUS) / 0.3 V = 75 fiF 

with a maximum allowable ESR: 

ESR ~ 0.3 V/ 1.5 A = 0.2 n 

Placing four 33 jmF tantalum surface mount capacitors 
in parallel, directly between the power and ground 
planes, will reduce the ESR below this limit and pro- 
vide adequate capacitance. Figure 8 shows a recom- 
mended layout for this example. 
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Figure 7. Recommended Bulk Decoupling Capacitor Values and Locations 
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BYTE ENABLE SIGNALS 

The i960 Cx processors always perform aligned access- 
es on the bus. This means that the byte enable signals 
are limited to the following combinations. 

In addition to the accesses that the Cx performs, the 
Hx issues three unaligned cases when accessing 32-bit 
memory regions. 

80960Hx-ready systems must be designed to support all 
encodings. This is accomplished by ensuring that the 
memory write-enable signals for each byte are depen- 
dent on that byte's corresponding BE signal — not on a 
certain combination of byte enables. When accessing 
16- or 8-bit regions, the Hx and Cx processors behave 
the same. 



INTERRUPT SAMPLING 

80960Hx-ready systems should be designed to produce 
asynchronous interrupts to the CPU. Synchronous sys- 
tems such as lock-step multi-processor systems must 
meet input setup and hold times on the rising edges of 



CLKIN for the Hx, and on the falling edges of 
FCLK2:1 for the Cx. Interfupt pins are sampled on the 
rising edge of CLKIN for the Hx. Contrarily, on the Cx 
processors these pins are sampled on the falling edge of 
CLKIN. The actual samphng of the interrupt pins oc- 
curs once every two CLKIN cycles. Improper system 
behavior occurs if these setup and hold times are not 
met in a synchronous system. An example of this is the 
loosing synchronous operation of multiple processors. 



PARITY 

A 80960Hx-ready system can implement parity when a 
Hx is in the CPU socket. Parity is disabled while a Cx 
is in the CPU socket. 

Five parity pins are added to the Hx. Four of these 
pins, labeled DP3:0, provide byte parity for data and 
possess the same timing as D31:0. The fifth pin is an 
output labeled PCHK#. It is asserted if a parity error 
is detected on reads. PCHK# is asserted in the clock, 
following the data cycle which has incorrect parity. The 
Hx DP3:0 pins correspond to the CA/CF*s "no con- 
nect" pins. The Hx PCHK# pin corresponds to the 



Table 1. Byte Enable Signal Combinations 



Access 


BE3# 


BE2# 


BE1# 


BEO# 


WORD 














SHORT 


1 


1 








SHORT 


> 





1 


1 


BYTE 


1 


1 


1 





BYTE 


1 


1 





1 


BYTE 


1 





1 


1 


BYTE 





1 


1 


1 ! 



Table 2. Unaligned Cases When Accessing 32-Blt Memory Regions 



Access 


BE3# 


BE2# 


BE1# 


BEO# 


Unaligned Three-byte 


1 











Unaligned Three-byte 











1 


Unaligned SHORT 


1 








1 
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Table 3. Bus Access 



Cycle Type 


ADS# 


CT3:0 


Program initiated access using 8-bit bus 





0000 


Program initiated access using 16-bit bus 





0001 


Program initiated access using 32-bit bus 





0010 


Event initiated access using 8-bit bus 





0100 


Event initiated access using 16-bit bus 





0101 


Event initiated access using 32-bit bus 





0110 


Reserved 





0X11 


Reserved 





1XXX 


Processor not iialted 




0X0X0 


Processor not halted 




0X10 


Reserved 




0011 


Processor in HALT mode 




0111 


Reserved for future products 




1XXX 




DACKO# pin on the CA/CF. Pull-up resistors are rec- 
ommended on DP3:0. These resistors are required if 
parity is not being used to put the Hx parity inputs to a 
known state. They are also required if parity is being 
used when a Cx is in the system, in order to provide 
valid logic levels for the external parity logic. External 
logic will detect PCHK# high when a Cx processor is 
in a system. This disables external parity reporting log- 



Parity is only checked on bytes which possess a corre- 
sponding active BE signal. 



CYCLE TYPE 

An 80960Hx-ready system should not use cycle type 
pins, nor should it use DMA. The Hx uses the pins 
which correspond to the Cx EOP#/TC# pins for 
CT3:0. When ADS# is not active, the cycle type is 
driven to indicate whether it is executing or is in HALT 
mode. When ADS# is active, CT3:0 indicate the type 
of bus access currently being started. 



BSTALL 

The BSTALL signal becomes active when the Hx proc- 
essor can not continue execution until a pending bus 
transaction is completed. A load instruction followed 
by an instruction that uses the result of the load, causes 
a stall until the load is completed. A store or a load 
instruction, issued when the bus queues are full, also 
cause a stall. In this case the Hx is stalled until a bus 
queue entry becomes available. One of these becomes 
available as a result of processing a pending bus re- 
quest. The instruction scheduler can cause BSTALL 
when the processor fetches instructions from external 
memory. The processor must fetch these instructions 
due to instruction cache misses. 

The BSTALL pin can be used to provide "on demand'* 
bus arbitration. When a system has an external bus 
master which is given higher priority than the Hx, it 
can maintain ownership of the bus until the Hx needs 
the bus. The Hx will assert BREQ when it has a pend- 
ing bus reiquest. When BREQ is asserted without 
BSTALL, the processor can continue operation even in 
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the presence of a pending bus request. Some systems 
may choose to ignore this condition. Alternatively, they 
don*t give the bus to the Hx, but instead wait until the 
processor is stalled. The assertion of BSTALL informs 
the arbitration logic of this condition. 

The Cx processor does not have a BSTALL pin — the 
corresponding pin on the Cx is the DMA# pin. It will 
be driven high during normal operation (no DMA). 
This signals a stall condition to the external logic. 

If BSTALL is used for bus arbitration in a 80960Hx- 
ready system, the recommendation is to logically "and" 
BSTALL and BREQ to indicate when the microproces- 
sor requires the bus. By qualifying BSTALL with 
BREQ, the resulting signal c^n be used interchangeably 
between the Cx and Hx processors. This resulting sig- 
nal is equivalent to BSTALL on a 80960Hx system, and 
equivalent to BREQ on a 80960Cx system. 



JTAG 

If boundary scan is used in an 80960Hx-ready system, a 
jumper should be used to connect TDI to the next de- 
vice in the scan chain when a Cx is installed. The jump- 
er should isolate the pin corresponding to TDO from 
the scan chain. 

The Hx supports IEEE 1149.1 boundary scan. This in- 
terface consists of 5 pins: 4 input pins and 1 output pin. 
The JTAG interface utilizes pins used for DMA on the 
Cx. The Hx JTAG input pins correspond to CA/CF 
DREQ3:0# input pins. The JTAG output pin corre- 
sponds to a Cx DACK1# output pin. 



RESERVED MEMORY 

The Hx processor is not able to access external memory 
in the range OxfiOOOOOO to Oxfffiffif. This area is re- 
served for memory mapped registers. Consequently, an 
Hx processor cannot access the IBR of a Cx system 
located at OxffffiOO. The IBR of an Hx processor is 
located at OxfeffiBO through OxfefffFSf It may be bene- 
ficial to use a single memory area mapped to two differ- 
ent areas. 



For a system to be capable of using memory for either 
Hx or Cx boot up, at either Oxfexxxxxx or OxfFxxxxxx, 
address bit 24 should not be used in the boot area de- 
code logic. Using this methodology, the Cx processor 
accesses this memory using addresses such as Oxf!¥f!!00, 
while the Hx processor uses addresses like OxfefffHO. 



AC TIMING 

The timing of signals on the Hx differs from corre- 
sponding timing on the Cx. In general, the Hx is faster 
than the Cx. This generates some interesting design re- 
quirements for systems which accept either processor. 
Specifications for both implementations must be con- 
sidered — the worst-case numbers must be used in the 
design. 

The Hx specifications described in this section are esti- 
mates, and are subject to change when silicon becomes 
available. 



REFERENCE CLOCK 

The Cx AC timings for input and output signals are 
measured against the transitions of the output 
PCLK2:1 signals. When operating in Ix clock mode, 
the Cx processor input and output clocks are synchro- 
nized. TCP, the CLKlN to FCLK2:1 delay, is ± 2ns in 
Ix mode. When operating in 2x mode, the output clock 
edges are delayed from the input clocks. In 2x mode, 
Tcp is 2 to 25ns at 33 MHz. 

The Hx has no output clocks; Hx AC timings are speci- 
fied according to the input clock. 

One of two clocking methods are recommended for a 
80960Hx-ready system; 

• External logic can be clocked with PCLK2:1 when a 
Cx is plugged into the socket. It can be clocked with 
CLKIN when using a Hx processor. 

• Always use CLKIN to clock external logic for ei- 
ther a Cx or Hx processor. 
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For the first of the above recommendations, a method 
of clock selection must be implemented. Jumpers can 
be used to select either CLKIN or PCLK2:1 (to route 
to the synchronous logic within the system). 

This is a simple methodology because the clocked logic 
performs the same function with either processor. One 
benefit derived from this is that the clocks used by ex- 
ternal logic are always the processor's reference clocks. 

CLKIN is the reference for the Hx; for the Cx it may 
be away from the reference (PCLK2:1) by as much as 
2ns in Ix clock mode, or 25ns in 2x clock mode. This 
offset must be considered when analyzing system tim- 
ing. Due to the wide range of possible delays, it is not 
practical to use 2x clock mode when using CLKIN for 
the external logic. The Hx does not support a 2x clock 
input. 



INPUT/OUTPUT TIMING 

Input pins specify setup and hold times according to 
the processor reference clock. 

Input signals must be stable between the minimum in- 
put setup and hold times. This is the time when the 
signals are being latched internally within the proces- 
sor. For minimum input setup and hold values, use the 
figures with the largest maximum values between the 
two devices. 

AC timing parameters for output signals include both a 
minimum output hold time and a maximum output val- 
id delay. The minimum output hold time specifies the 
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time after a clock during which a signal continues to be 
valid from the previous state. The maximum output 
valid delay specifies the maximum time necessary for a 
signal to switch states. 

Output signals switch between the minimum output 
hold and the maximum output valid times. For mini- 
mum output hold, the smallest minimum value of the 
different devices should be used. Maximum output val- 
id delay is the largest maximum value of the different 
devices. 

The combined specification for AC timings differs from 
the sole specification of either a Cx or Hx processor. 
An application which accepts either a Cx or Hx must 
operate over this wider range of timing. For example, 
pins D31:0 are bi-directional and require both input 
and output timing analysis. The AC timings used in 
this example are subject to change; refer to current data 
sheet for actual values. 

During a write cycle: 

• A CF outputs data within a 13 ns window — be- 
tween 3 and 16 ns after the corresponding clock 
edge. 

• A Hx outputs data within a 7 ns window — between 
1.5 and 8.5 ns. 

The combination of these specifications leads to a 14.5 
ns window — between 1.5 and 16 ns. Minimum output 
hold (Tqh) analysis must be performed using 1.5 ns. 
This is the worst case time. Maximum output delay 
(Tov) analysis must be performed using 16 ns, worst 
case. Similar "widening'* of specifications also occur on 
input timings. 








D0(80960CF) 


D0(80960Hx) 


Combined 


Output timing 


TOH(mln) 


3 ns 


1.5 ns 


1.5 ns 




TOV (max) 


16 ns 


8.5 ns 


16 ns 


Input timing 


lis (min) 


3 ns 


5 ns 


5 ns 




TIH(min) 


5 


1.5 


5 
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PINOUT 

The following table highlights the differences between the Hx and Cx processors. Differences are indicated with a 
heavier line around the table cell. Table 4 shows the pin differences between the Cx and Hx. The "comments" section 
describes recommended usage in an 80960Hx-ready system. 



PGA 
Pin 


Hx 
Signal 
Name 


Cx 
Signal 
Name 


PGA 
Pin 


Hx 
Signal 
Name 


Cx 
SignaL 
Name 


PGA 
Pin 


Hx 
Signal 
Name 


Cx 
Signal 
Name 


PGA 
Pin 


Hx 
Signal 
Name 


Cx 
Signal 
Name 


A1 


1 vss 


NC 


C9 


VSS 


VSS 


J15 


VSS 


VSS 


Q10 


VSS 


VSS 


A2 


FAIL# 


FAIL# 


CIO 


VSS 


VSS 


J16 


VCC 


VCC 


Q11 


VSS 


VSS 


A3 


DPO 


NC 


C11 


VSS 


VSS 


J17 


A10 


A10 


Q12 


SUP# 


SUP# 


A4 


DP2 


NC 


C12 


VSS 


VSS 


K1 


D13 


D13 


013 


A30 


A30 


A5 


VOLDET 


NC 


C13 


CLKIN 


CLKIN 


K2 


VCC 


VCC 


Q14 


A28 


A28 


A6 


TRST# 


DREQ1 # 


C14 


1 VCC 


1 CLKMODE 


j K3 


VSS 


VSS 


Q15 


A24 


A24 


A7 


TDI 


DREQ3# 


C15 


XINT4# 


XINT4# 


K15 


VSS 


VSS 


Q16 


A21 


A21 


A8 


TDO 


DACK1# 


C16 


XINT6# 


XINT6# 


K16 


VCC 


VCC 


017 


A18 


A18 


A9 


NC 


DACK2# 


C17 


XINT7# 


XINT7# 


K17 


A11 


A11 


R1 


D24 


D24 


A10 


NC 


DACK3# 


D1 


D5 


D5 


LI 


D15 


D15 


R2 


D27 


D27 


All 


CTO 


EOP/TC0# 


D2 


D2 


D2 


L2 


D14 


D14 


R3 


D31 


D31 


A12 


CT1 


E0P/TC1 # 


D3 


NC 


NC 


L3 


VSS 


VSS 


R4 


BTERM# 


BTERM# 


A13 


CT2 


E0P/TC2# 


D15 


NMI# 


NMI# 


L15 


VSS 


VSS 


R5 


HOLD 


HOLD 


A14 


CT3 


E0P/TC3# 


D16 


A2 


A2 


L16 


A13 


A13 


R6 


ADS# 


ADS# 


A15 


XINT1 # 


XINT1 # 


D17 


A3 


A3 


L17 


A12 


A12 


R7 


VCC 


VCC 


A16 


RESET# 


RESET# 


El 


D7 


D7 


Ml 


D16 


D16 


R8 


VCC 


VCC 


A17 


XINT2# 


XINT2# 


E2 


D4 


D4 


M2 


VCC 


VCC 


R9 


BEO# 


BEO# 


B1 


BOFF# 


BOFF# 


E3 


DO 


DO 


M3 


VSS 


VSS 


RIO 


VCC 


VCC 


B2 


STEST 


STEST 


E15 


VCC 


VCC 


M15 


VSS 


VSS 


R11 


VCC 


VCC 


B3 


DPI 


NC 


E16 


A4 


A4 


iM16 


VCC 


VCC 


R12 


1 BSTALL 


1 DMA# 


84 


DPS 


NC 


E17 


A5 


AS 


M17 


A14 


A14 


R13 


BREQ 


BREQ 


85 


TCK 


DREQO# 


F1 


D8 


D8 


N1 


D17 


D17 


R14 


A29 


A29 


86 


TMS 


DREQ2# 


F2 


D6 


D6 


^ N2 


D18 


D18 


R15 


A26 


A26 


87 


VCC 


VCC 


F3 


VCC 


VCC 


N3 


VCC 


VCC 


R16 


A23 


A23 


88 


1 PCHK# 


1 DACKO# 


F15 


VSS 


VSS 


N15 


VCC 


VCC 


R17 


A22 


A22 


89 


VCC 


VCC 


F16 


VCC 


VCC 


N16 


A16 


A16 


SI 


D25 


D25 


810 


VCCPLL 


VCCPLL 


F17 


A6 


A6 


N17 


A15 


A15 


S2 


D29 


D29 


811 


VCC 


VCC 


G1 


D9 


D9 


PI 


D19 


D19 


S3 


READY # 


READY # 


812 


VCC 


VCC 


G2 


VCC 


VCC 


P2 


D20 


D20 


S4 


HOLDA 


HOLDA 


813 


NC 


PCLK2 


G3 


VSS 


VSS 


P3 


D22 


D22 


S5 


BE3# 


BE3# 


814 


NC 


PCLK1 


G15 


VSS 


VSS 


P15 


A20 


A20 


S6 


BE2# 


BE2# 


815 


XINTO# 


XINTO# 


G16 


A7 


A7 


P16 


A19 


A19 


Si 


BE1# 


BE1# 


816 


XINT3# 


XINT3# 


G17 


AS 


A8 


P17 


A17- 


A17 


S8 


BLAST# 


BLAST # 


817 


XINT5# 


XINT5# 


HI 


D11 


D11 


Q1 


D21 


D21 


S9 


DEN# 


DEN# 


CI 


D3 


D3 


H2 


D10 


D10 


Q2 


D23 


D23 


S10 


W/R# 


W/R# 


C2 


D1 


D1 


H3 


VSS 


VSS 


Q3 


D26 


D26 


S11 


DT/R# 


DT/R# 


C3 


ONCE# 


ONCE# 


H15 


VSS 


VSS 


Q4 


D28 


D28 


S12 


WAIT# 


WAIT# 


C4 


VSS 


NC 


H16 


VCC 


VCC 


Q5 


D30 


D30 


S13 


D/C# 


D/C# 


C5 


VCC5 


NC 


H17 


A9 


A9 


Q6 


VCC 


VCC 


S14 


LOCK# 


LOCK# 


C6 


VCC 


VCC 


J1 


D12 


D12 


Q7 


VSS 


VSS 


S15 


A31 


A31 


C7 


VSS 


VSS 


J2 


VCC 


VCC 


Q8 


VSS 


VSS 


S16 


A27 


A27 


C8 


VSS 


VSS 


J3 


VSS 


VSS 


Q9 


VSS 


VSS 


S17 


A25 


A25 
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Table 4. 80960Cx/80960Hx Pin Differences 



Pin 


CA/CF 


Hx 


80960Hx-ready System 


A1 


NC 


vss 


Connect to VSS. 


A3 


NC 


DPO 


Should be pulled up with a resistor. In a system with parity, connect 
to the parity bit which corresponds to D7:0. 


A4 


NC 


DP2 


Should be pulled up with a resistor. In a system with parity, connect 
to the parity bit which corresponds to D23:16. 


A5 


NC 


VOLDET 


Can be used to detect which processor is in the socket. High 
impedance - CA/CF. VSS - Hx 


A6 


DREQ1 # 


TRST# 


When active (low), causes TAP controller (IEEE 1 149.1) to go to 
Test_Logic_Reset state. This pin should be pulled high when not 
In use. 


A7 


DREQ3# 


TDI 


OK to pull-up or drive. If it is driven low, be sure DMA is disabled. If 
JTAG is used with a Cx in the system, this signal should be 
connected to TDI of next device in the chain, via a jumper. 


A8 


DACK1 # 


TDO 


For Cx, this pin will always be high when DMA is not in use. 
Because this pin is an output, use a jumper or external logic to 
disconnect this pin when using the Cx. 


A9 


DACK2# 


NC 


No connection 


A10 


DACK3# 


NC 


No connection 


A11-A14 


EOP/TC#3:0 


CT3:0 


Use pull-ups. An output of 1 1 1 1 indicates a Cx processor is in the 
system. Indicates the cycle type if ADS# is active. Indicates when 
the processor is halted if ADS# is not active. 


B3 


NC 


DPI 


Should be pulled up with a resistor. In a system with parity, connect 
to the parity bit which corresponds to D1 5:8. 


B4 


NC 


DP3 


Should be pulled up with a resistor. In a system with parity, Connect 
to the parity bit which corresponds to D31 :28. 


B5 


DREQO# 


TCK 


Connect to Test Clock of 1 149.1 interface. This pin should be 
pulled high when not in use. 


86 


DREQ2# 


TMS 


Connect to Test Mode Select of 1 149.1 interface. This pin should 
be pulled high when not In use. 


88 


DACKO# 


PCHK# 


Connect to external parity error recovery/ reporting logic. Cx will not 
generate or check parity. 


813 


PCLK2 


NC 


OK to drive Hx with CLKIN for compatibility. 


814 


PCLK1 


NC 


OK to drive Hx with CLKIN for compatibility. 


C4 


NC 


Vss 


Connect to Vss- 


C5 


NC 


VCC5 


Connect to 5V through a 100 Ohm resistor if inputs can be driven 
from 5V logic. Connect directly to 3.3V if inputs are not driven by 5V 
logic. 


CI 4 


CLKMODE 


Vcc 


Connect to processor's Vcc- 


R12 


DMA# 


8STALL 


Can use for arbitration. 
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DESIGN GUIDELINE SUMMARY 

A system can be designed which accepts either a Hx or 
Cx processor. The following items summarize the 
guidelines discussed in this paper: 

• Don't use the DMA controller on the Cx processor 

• Isolate Vcc for the CPU. Hx = 3.3V; Cx = 5V 

• Provide 5V reference voltage for Hx (VCC5) 

• Use CLKIN for system timing 

• Combine AC specifications for timing analysis 

• Accommodate new BE3:0# encodings 

• Use pull-up resistors on parity signals 

• Connect additional Vss signals 

• If using JTAG boundary scan, bypass Cx in the 
JTAG chain 
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82596CA 

HIGH-PERFORMANCE 32-BIT LOCAL 

AREA NETWORK COPROCESSOR 



Performs Complete CSMA/CD Medium 
Access Control (MAC) Functions— 
Independently of CPU 

— IEEE 802.3 (EOC) Frame Delimiting 

— HDLC Frame Delimiting 

Supports Industry Standard LANs 

— IEEE TYPE 10BASE-T, 

IEEE TYPE 10BASE5 (Ethernet*), 
IEEE TYPE 10BASE2 (Cheapernet), 
IEEE TYPE 1 BASES (StarLAN), 
and the Proposed Standard 
10BASE-F 

— Proprietary CSMA/CD Networks Up 
to 20 Mb/s 

On-Chip Memory Management 

— Automatic Buffer Chaining 

— Buffer Reclamation after Receipt of 
Bad Frames; Optional Save Bad 
Frames 

— 32-Bit Segmented or Linear (Flat) 
Memory Addressing Formats 

Network Management and Diagnostics 

— Monitor Mode 

— 32-Bit Statistical Counters 

82586 Software Compatible 
Self-Test Diagnostics 



■ Optimized CPU Interface 

— Optimized Bus Interface to Intel's 
i486TMDX, I486TWSX, i487TMSX and 
80960CA Processors 

— 33 MHz, 25 MHz, 20 MHz and 16 MHz 
Clock Frequencies 

— Supports Big Endian and Little 
Endian Byte Ordering 

■ 32-Bit Bus Master Interface 
— 106 MB/s Bus Bandwidth 

— Burst Bus Transfers 

— Bus Throttle Timers 

— Transfers Data at 100% of Serial 
Bandwidth 

— 128-Byte Receive FIFO, 64-Byte 
Transmit FIFO 

■ Configurable Initialization Root for Data 
Structures 

■ High-Speed, 5V, CHMOS'''' IV 
Technology 

■ 132-Pin Plastic Quad Flat Pack (PQFP) 
and PGA Package 

(See Packaging Spec Order No. 240800-001 , 
Package Type KU and A) 

i486 is a trademark of Intel Corporation. 

* Ethernet is a registered trademark of Xerox Corporation. 
**CHMOS IS a patented process of Intel Corporation. 
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INTRODUCTION 

The 82596CA is an intelligent, high-performance 
32-bit Local Area Network coprocessor. The 
82596CA implements the CSMA/CD access method 
and can be configured to support all existing IEEE 
802.3 standards— TYPES 10BASE-T, 10BASE5, 
10BASE2, 1 BASES, and 10BROAD36. It can also be 
used to implement the proposed standard TYPE 
10BASE-F. The 82596CA performs high-level com- 
mands, command chaining, and interprocessor com- 
munications via shared memory, thus relieving the 
host CPU of many tasks associated with network 
control. All time-critical functions are performed in- 
dependently of the CPU, this increases network per- 
formance and efficiency. The 82596CA bus interface 
is optimized for Intel's i486TMSX, i486TMDX, 
i487TMSX, 80960CA, and 80960KB processors. 

The 82596CA implements all IEEE 802.3 Medium 
Access Control and channel interface functions, 
these include framing, preamble generation and 
stripping, source address generation, destination ad- 
dress checking, short-frame detection, and automat- 
ic length-field handling. Data rates up to 20 Mb/s are 
supported. 

The 82596CA provides a powerful host system inter- 
face. It manages memory structures automatically, 
with command chaining and bidirectional data chain- 
ing. An on-chip DMA controller manages four chan- 
nels, this allows autonomous transfer of data blocks 
(buffers and frames) and relieves the CPU of byte 
transfer overhead. Buffers containing errored or col- 
lided frames can be automatically recovered without 
CPU intervention. The 82596CA provides an up- 
grade path for existing 82586 software drivers by 
providing an 82586-software-compatible mode that 
supports the current 82586 memory structure. The 
82586CA also has a Flexible memory structure and 
a Simplified memory structure. The 82596CA can 
address up to 4 gigabytes of memory. The 82596CA 
supports Little Endlan and Big Endian byte ordering. 

The 82596CA bus interface can achieve a burst 
transfer rate of 106 MB/s at 33 MHz. The bus inter- 
face employs bus throttle timers to regulate 
82596CA bus use. Two large, independent FIFOs— 
1 28 bytes for Receive and 64 bytes for Transmit— 
tolerate long bus latencies and provide programma- 
ble thresholds that allow the user to optimize bus 
overhead for any worst-case bus latency. The high- 
performance bus is capable of back-to-back trans- 
mission and reception during the IEEE 802.3 9.6- jms 
Interframe Spacing (IFS) period. 

The 82596CA provides a wide range of diagnostics 
and network management functions, these Include 
internal and external loopback, exception condition 



tallies, channel activity indicators, optional capture 
of all frames regardless of destination address 
(promiscuous mode), optional capture of errored or 
collided frames, and time domain reflectometry for 
locating fault points on the network cable. The sta- 
tistical counters, in 32-bit segmented and linear 
modes, are 32-bits each and include CRC errors, 
alignment errors, overrun errors, resource errors, 
short frames, and received collisions. The 82596CA 
also features a monitor mode for network analysis. 
In this mode the 82596CA can capture status bytes, 
and update statistical counters, of frames monitored 
on the link without transferring the contents of the 
frames to memory. This can be done concurrently 
while transmitting and receiving frames destined for 
that station. 

The 82596CA can be used in both baseband and 
broadband networks. It can be configured for maxi- 
mum network efficiency (minimum contention over- 
head) with networks of any length. Its highly flexible 
CSMA/CD unit supports address field lengths of 
zero through six bytes — configurable to either IEEE 
802.3/Ethernet or HDLC frame delimitation. It also 
supports 16- or 32-bit cyclic redundancy checks. 
The CRC can be transferred directly to memory for 
receive operations, or dynamically inserted for trans- 
mit operations. The CSMA/CD unit can also be con- 
figured for full duplex operation for high throughput 
in point-to-point connections. 

The 82596 C-step Incorporates several new features 
not found in previous stoppings. The following is, a 
summary of the 82596 C-step's new features. 

• The 82596 C-step fixes Errata found in the A1 
and B stoppings. 

• The 82596 C-step has improved AC timings over 
both the A and B stoppings. 

• The 82596 C-step has a New Enhanced Big Endi- 
an Mode where in Linear Addressing Mode, true 
32-blt Big Endian functionality is achieved. New 
Enhanced Big Endian Mode is enabled by setting 
bit 7 of the SYSBUS byte. This mode is Sjoftware 
compatible with the big endian mode of the 
B-step with one exception— no 32-bit addresses 
need to be swapped by software in the C-step. In 
this new mode, the 82596 C-step treats 32-bit ad- 
dress pointers as true 32-bit entities and the SCB 
absolute address and statistical counters are still 
treated as two 1 6-bit big endian entities. Not set- 
ting this mode will configure the 82596 C-step to 
be 100% compatible to the Al-step big endian 
mode. 

• . The 82596 C-step is hardware and software com- 
patible to both the A1 and B stoppings allowing 
for easy "drop-in" to current designs. Pinout and 
control structures remain unchanged. 
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The 82596CA is fabricated with Intel's reliable, 5-V, CHMOS IV (process 648.8) technology. It is available in i 
132-pin PQFP or PGA package. 
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82596CA PGA Cross Reference by Pin Name 
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Signal 


Pin No. 
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Signal Pin No. 


Pin No. 


Pin No. 
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N9 
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J2 
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B7 


A7 


A4 


M10 


D2 


(32 


BEO 


M7 


CTS 


011 
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PIN DESCRIPTIONS 



Symbol 


PQFP 
Pin No. 


Type 


Name and Function 


CLK 


9 


1 


CLOCK. The system clock input provides the fundamental timing for 
the 82596. It is a IX CLK input used to generate the 82596 clock and 
requires TTL levels. All external timing parameters are specified in 
reference to the rising edge of CLK. 


D0-D31 


14-53 


I/O 


DATA BUS. The 32 Data Bus lines are bidirectional, tri-state lines that 
provide the general purpose data path between the 82596 and 
memory. With the 82596 the bus can be either 16 or 32 bits wide; this 
is determined by the BSl6 signal. The 82596 always drives all 32 data 
lines during Write operations, even with a 16-bit bus. D31 - DO are 
floated after a Reset or when the bus is not acquired. 
These lines are inputs during a CPU Port access; in this mode the CPU 
writes the next address to the 82596 through the data lines. During 
PORT commands (Relocatable SCP, Self-Test, Reset and Dump) the 
address must be aligned to a 16-byte boundary. This frees the D3-D0 
lines so they can be used to distinguish the commands. The following 
is a summary of the decoding data. 


DO 


D1 


D2 


D3 


D31-D4 


Function 







1 
1 



1 


1 














0000 
ADDR 
ADDR 
ADDR 


Reset 

Relocatable SCP 
Self-Test 
Dump Command 


DP0-DP3 


4-7 


I/O 


DATA PARITY. These are tri-stated data parity pins. There is one 
parity line for each byte of the data bus. The 82596 drives them with 
even-parity information during write operations having the same timing 
as data writes. Likewise, even-parity information, with the same timing 
as read information, must be driven back to the 82596 over these pins 
to ensure that the correct parity check status is indicated by the 
82596. 


PCHk 


127 





PARITY CHECK. This pin is driven high one clock after RDY to inform 
Read operations of the parity status of data sampled at the end of the 
previous clock cycle. When driven low it indicates that Incorrect parity 
data has been sampled. It only checks the parity status of enabled 
bytes, which are indicated by the Byte Enable and Bus Size signals. 
PCHK is only valid for one clock time after data read is returned to the 
82596; i.e., it is inactive (high) at all other times. 


A31-A2 


70-108 





ADDRESS LINES. These 30 tri-stated Address lines output the 
address bits required for memory operation. These lines are floated 
after a Reset or when the bus is not acquired. 


BE3-BE0 


109-114 





BYTE ENABLE. These tri-stated signals are used to indicate which 
bytes are involved with the current memory access. The number of 
Byte Enable signals asserted indicates the physical size of the data 
being transferred (1, 2, 3, or 4 bytes). 

• BEO indicates D7-D0 

• 6E1 indicates D15-D8 

• BE2 indicates D23-D1 6 

• BE3 indicates D31-D24 

These lines are floated after a Reset or when the bus is not acquired. 


W/R 


120 





WRITE/READ. This dual function pin is used to distinguish Write and 
Read cycles. This line is floated after a Reset or when the bus Is not 
acquired. 
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Symbol 


PQFP 
Pin No. 


Type 


Name and Function 


ADS 


124 





ADDRESS STATUS. The 82596 uses this tri-state pin to indicate to 
indicate that a valid bus cycle has begun and that A31 -A^, BE3-BE0, 
and W/R are being driven. It is asserted during t1 bus states. This line 
is floated after a Reset or when the bus is not acquired. 


RDY 


130 


1 


READY. Active low. This signal is the acknowledgment from 
addressed memory that the transfer cycle can be completed. When 
high, it causes wait states to be inserted. It is ignored at the end of the 
first clock of the bus cycle's data cycle. This active-low signal does not 
have an internal pull-up resistor. This signal must meet the setup and 
hold times to operate correctly. 


BRDY 


2 


1 


BURST READY. Active low. Burst Ready, like RDY, indicates that the 
external system has presented valid data on the data pins In response 
to a Read, or that the external system has accepted the 82596 data in 
response to a Write request. Also, like RDY, this signal is ignored at 
the end of the first clock in a bus cycle. If the 82596 can still receive 
data from the previous cycle, ADS will not be asserted in the next 
clock cycle; however, Address and Byte Enable will change to reflect 
the next data item expected by the 82596. BRDY will be sampled 
during each succeeding clock and if active, the data on the pins will be 
strobed to the 82596 or to external memory (read/write). BRDY 
operates exactly like READY during the last data cycle of a burst 
sequence and during nonburstable cycles. 


BLAST 


128 





BURST LAST. A signal (active low) on this tri-state pin indicates that 
the burst cycle is finished and when BRDY is next returned it will be 
treated as a normal ready; i.e., another set of addresses will be driven 
with ADS or the bus will go idle, BLAST is not asserted if the bus is not 
acquired, 


AHOLD 


117 


1 


ADDRESS HOLD. This hold signal is active high, it allows another bus 
master to access the 82596 address bus. In a system where an 82596 
and an i486 processor share the local bus, AHOLD allows the cache 
controller to make a cache invalidation cycle while the 82596 holds the 
address lines. In response to a signal on this pin, the 82596 
immediately (i.e. during the next clock) stops driving the entire address 
bus (A31 -A2); the rest of the bus can remain active. For example, 
data can be returned for a previously specified bus cycle during 
Address Hold. The 82596 will not begin another bus cycle while 
AHOLD is active. 


BOFF 


116 


1 


BACKOFF. This signal is active low. It informs the 82596 that another 
bus master requires access to the bus before the 82596 bus cycle 
completes. The 82596 immediately (i.e. during the next clock) floats its 
bus. Any data returned to the 82596 while BOFF is asserted is ignored. 
BOFF has higher priority than RDY or BRDY; If two such signals are 
returned in the same clock period, BOFF is given preference. The 
82596 remairis in Hold until BOFF goes high, then the 82596 resumes 
its bus cycle by driving out the address and status, and asserting ADS. 


LOCK 


126 





LOCK. This tri-state pin is used to distinguish locked and unlocked bus 
cycles. LOCK generates a semaphore handshake to the CPU. LOCK 
can be active for several memory cycles, it goes active during th^ first 
locked memory cycle (t1) and goes inactive at the last locked cycle 
(t2). This line is floated after a Reset or when the bus is not acquired. 
LOCK can be disabled via the sysbus byte in software. 
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PIN DESCRIPTIONS (Continued) 



Symbol 


PQFP 
Pin No. 


Type 


Name and Function 


BS16 


129 


1 


BUS SIZE. This signal allows the 82596CA to work with either 1 6- or 
32-bit bytes. Inserting 881 6 low causes the 82596 to perform two 16- 
bit memory accesses when transferring 32-bit data. In little endian 
modQ the D15~D0 lines are driven when 8316 is inserted, in 8ig 
Endian mode the D31 -D16 lines are driven. 


HOLD 


123 





HOLD. The HOLD signal is active high, the 82596 uses it to request 
local bus mastership. In normal operation HOLD goes inactive before 
HLDA. The 82596 can be forced off the bus by deasserting HLDA or if 
the bus throttle timers expire. 


HLDA 


118 ' 


1 


HOLD ACKNOWLEDGE. The HLDA signal is active high, it Indicates 
that bus mastership has been given to the 82596. HLDA is internally 
synchronized; after HOLD is detected low, the CPU drives HLDA low. 

NOTE: 
Do not connect HLDA to Vcc—/t will cause a deadlock. A user wanting 
to give the 82596 permanent access to the bus should connect HLDA 
to HOLD. If HLDA goes Inactive before HOLD, the 82596 will release 
the bus (by deasserting HOLD) within a maximum of within a specified 
number of bus cycles as specified in the 82596 User's Manual. 


BREQ 


115 


1 


BUS REQUEST. This signal, when configured to an externally 
activated mode, is used to trigger the bus throttle timers. 




3 


1 


PORT. When this signal Is received, the 82596 latches the data on the 
data bus into an internal 32-bit register. When the CPU Is asserting this 
signal It can write into the 82596 (via the data bus). This pin must be 
activated twice during all CPU Port access commands. 


PORT 


RESET 


69 


1 


RESET. This active high, internally synchronized signal causes the 
82596 to terminate current activity. The signal must be high for at least 
five system clock cycles. After five system clock cycles and four TxC 
clock cycles the 82596 will execute a Reset when It receives a high 
RESET signal. When RESET returns to low the 82596 waits for the 
first CA signal and then begins the initialization sequence. 


LE/BE 


65 


1 


LITTLE ENDIAN/BIG ENDIANJTiis dual-function pin is used to 
select byte ordering. When LE/8E is high, little endian byte ordering is 
used; when low, big endian byte ordering is used for data In frames 
(bytes) and for control (SC8, RFD, CBL, etc). 


CA 


119 


1 


CHANNEL ATTENTION. The CPU uses this pin to force the 82596 to 
begin executing memory resident Command blocks. The CA signal is 
internally synchronized. The signal must be high for at least one 
system clock. It is latched internally on the high to low edge and then 
detected by the 82596. 

The first CA after a Reset forces the 82596 into the initialization 
sequence beginning at location 00FFFFF6h or an SCR address written 
to the 82596 using CPU Port access. All subsequent CA signals cause 
the 82596 to begin executing new command sequences from the SC8. 


int/InT 


125 





INTERRUPT. A high signal on this pin notifies the CPU that the 82596 
Is requesting an interrupt. This signal is an edge triggered interrupt 
signal, and can be configured to be active high or low. 



1 
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PIN DESCRIPTION 


S (Contin 


Lied) 


Symbol 


PQFP 
Pin No. 


Type 


Name and Function 


Vcc 


17 Pins 




POWER. +5 V± 10%. 


Vss 


17 Pins 




GROUND. V. 


TxD 


54 





TRANSMIT DATA. Tiiis pin transmits data to tlie serial linl<. It is high 
when not transmitting. 


T5C 


64 


1 


TRANSMIT CLOCK. This signal provides the fundamental timing for 
the serial subsystem. The clock is also used to transmit data 
synchronously on the TxD pin. For NRZ encoding, data is transferred 
to the TxD pin on the high to low clock transition. For Manchester 
encoding, the transmitted bit center is aligned with the low to high 
transition. Transmit clock must always be running for proper device 
operation. 


LF^BK 


58 





LOOPBACK. This TTL-level control signal enables the loopback 
mode. In this mode serial data on the TxD input is routed through the 
82C501 internal circuits and back to the RxD output without driving the 
transceiver cable. To enable this signal, both internal and external 
loopback need to be set with the Configure command. 


RxD 


60 


1 


RECEIVE DATA. This pin receives NRZ serial data only. It must be 
high when not receiving. 


RxC 


69 


1 


RECEIVE CLOCK. This signal provides timing information to the 
internal shifting logic. For NRZ data the state of the RxD pin is 
sampled on the high to low transition of the clock. 


Rt$ 


57 





REQUEST TO SEND. When this signal is low the 82596 informs the 
external interface that it has data to transmit. It is forced high after a 
Reset or when transmission is stopped. 


5TS 


62 


1 


CLEAR TO SEND. An active-low signal that enables the 82596 to 
send data. It is normally used as an interface handshake to RtS. 
Asserting CT5 high stops transmission. CT5 is internally synchronized. 
If CT5 goes inactive, meeting the setup time to the TxC negative edge, 
the transmission will stop and RT5 will go inactive within, at most, two 
T)(C cycles. 


CRg 


63 


1 


CARRIER SENSE. This signal is active iow, it is used to notify the 
82596 that traffic is on the serial link. It is only used if the 82596 is 
configured for external Carrier Sense. In this configuration external 
circuitry is required for detecting traffic on the serial link. CR3 is 
internally synchronized. To be accepted, the signal must remain active 
for at least two serial clock cycles (for CRSF = 0). 


CDT 


61 


1 


COLLISION DETECT. This active-low signal informs the 82596 that a 
collision has occurred. It is only used if the 82596 is configured for 
external Collision Detect. External circuitry is required for collision 
detection. CdT is internally synchronized. To be accepted, the signal 
must remain active for at least two serial clock cycles (for CDTF= 0). 
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82596 AND HOST CPU INTERACTION 82596 BUS INTERFACE 



The 82596CA and the host CPU communicate 
through shared memory. Because of Its on-chip 
DMA capability, the 82596 can make data block 
transfers (buffers and frames) independently of the 
CPU; this greatly reduces the CPU byte transfer 
overhead. 

The 82596 Is a multitasking coprocessor that com- 
prises two independent logical units— the Command 
Unit (CU) and the Receive Unit (RU). The CU exe- 
cutes commands from shared memory. The RU han- 
dles all activities related to frame reception. The in- 
dependence of the CU and RU enables the 82596 to 
engage in both activities simultaneously— the CU 
can fetch and execute commands from memory 
while the RU is storing received frames In memory. 
The CPU is only involved with this process after the 
CU has executed a sequence of commands or the 
RU has finished storing a sequence of frames. 

The CPU and the 82596 use the hardware signals 
Interrupt (INT) and Channel Attention (CA) to initiate 
communication with the System Control Block 
(SCB), see Figure 4. The 82596 uses INT to alert the 
CPU of a change in the contents of the SCB, the 
CPU uses CA to alert the 82596. 

The 82596 has a CPU Port Access state that allows 
the CPU to execute certai n funct ions without ac- 
cessing memory. The 82596 PORT pin and data bus 
pins are used to enable this feature. The CPU can 
directly activate four operations when the 82596 Is in 
this state. 

• Write an alternative System Configuration Pointer 
(SCP). This can be used when the 82596 cannot 
use the default SCP address space. 

• Write a different Dump Command Pointer and ex- 
ecute Dump. This can be used for troubleshoot- 
ing No Response problems. 

• The CPU can reset the 82596 via software with- 
out disturbing the rest of the system. 

• A self-test can be used for board testing; the 
82596 will execute a self-test and write the re- 
sults to memory. 



The 82596CA has bus Interface timings and pin defi- 
nitions that are compatible with Intel's 32-blt 
I486TMSX and I486tmdx microprocessors. This 
eliminates the need for additional bus interface logic. 
Operating at 33 MHz, the 82596's bus bandwidth 
can be as high as 106 MB/s. Since Ethernet only 
requires 1.25 MB/s, this leaves a considerable 
amount of bandwidth for the CPU. The 82596 also 
has a bus throttle to regulate its use of the bus. Two 
timers can be programmed through the SCB: one 
controls the maximum time the 82596 can remain on 
the bus, the other controls the time the 82596 must 
stay off the bus (see Figure 5). The bus throttle can 
be programmed to trigger Internally with HLDA or 
externally with BREQ. These timers can restrict the 
82596 HOLD activation time and improve bus utiliza- 
tion. 

82596 MEMORY ADDRESSING 

The 82596 has a 32-bit memory address range, 
which allows addressing up to four gigabytes of 
memory. The 82596 has three memory addressing 
modes (see Table 1). 

• 82586 Mode. The 82596 has a 24-bit memory 
address range. The System Control Block, Com- 
mand List, Receive Descriptor List, and Buffer 
Descriptors must reside In one 64-KB memory 
segment. Transmit and Receive buffers can re- 
side in a 24-bit address space. 

• 32-Bit Segmented Mode. The 82596 has a 32- 
blt memory address range. The System Control 
Block, Command List, Receive Descriptor List, 
and Buffer Descriptors must reside in one 64-KB 
memory segment. Transmit and Receive buffers 
can reside in a 32-bit address space. 

• Linear Mode. The 82596 has a 32-bit memory 
address range. Any memory structure can reside 
anywhere within the 32-bit memory address 
range. 




J 
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Figure 4. 82596 and Host CPU Intervention 
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Table 1. 82596 Memory Addressing Formats 



Pointer or Offset 


Operation Mode 


82586 


32-Bit 
Segmented 


Linear 


ISCP Address 


24-Bit Linear 


32-Bit Linear 


32-Blt Linear 


SCB Address 


Base (24) + Offset (16) 


Base (32) + Offset (16) 


32-Bit Linear 


Command Block Pointers 


Base (24) + Offset (16) 


Base (32) + Offset (16) 


32-Bit Linear 


Rx Frame Descriptors 


Base (24) + Offset (16) 


Base (32) + Offset (16) 


32-Bit Linear 


Tx Frame Descriptors 


Base (24) + Offset (16) 


Base (32) + Offset (16) 


32-Blt Linear 


Rx Buffer Descriptors 


Base (24) + Offset (16) 


Base (32) + Offset (16) 


32-Blt Linear 


Tx Buffer Descriptors 


Base (24) + Offset (16) 


Base (32) + Offset (16) 


32-Blt Linear 


Rx Buffers 


24-Bit Linear 


32-Bit Linear 


32-Blt Linear 


Tx Buffers 


24-Bit Linear 


32-Bit Linear 


32-Bit Linear 
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Figure 6. 82596 Shared Memory Structure 



82596 SYSTEM MEMORY STRUCTURE 

The Shared Memory structure consists of four parts: 
the Initialization Root, the System Control Block, the 
Command List, and the Receive Frame Area (see 
Figure 6). 

The Initialization Root is in an established location 
known to the host CPU and the 82596 (00FFFFF6h). 
However, the CPU can establish the Initialization 
Root In another location by using the CPU Port ac- 
cess. This root is accessed during initialization, and 
points to the System Control Block. 



The System Control Block serves as a bidirectional 
mail drop for the host CPU and the 82596 CU and 
RU. It is the central point through which the CPU and 
the 82596 exchange control and status information. 
The SCB has two areas. The first contains instruc- 
tions from the CPU to the 82596. These Include: 
control of the CU and RU (Start, Abort, Suspend, 
and Resume), a pointer to the list of CU commands, 
a pointer to the Receive Frame Area, a set of Inter- 
rupt Acknowledge bits, and the T-ON' and T-OFF 
timers for the bus throttle. The second area contains 
status information the 82596 is sending to the CPU. 
Such as, the CU and RU states (Idle, Active 
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Ready, Suspended, No Receive Resources, etc.), in- 
terrupt bits (Command Completed, Frame Received, 
CU Not Ready, and RU Not Ready), and statistical 
counters. 

The Command List functions as a program for the 
CU; individual commands are placed in memory 
units called Command Blocks (CBs). These CBs 
contain the parameters and status of specific high- 
level commands called Action Commands; e.g.. 
Transmit or Configure. 

Transmit causes the 82596 to transmit a frame. The 
Transmit CB contains the destination address, the 
length field, and a pointer to a list of linked buffers 
holding the frame that is to be constructed from sev- 
eral buffers scattered throughout memory. The 
Command Unit operates without CPU intervention; 
the DMA for each buffer, and the prefetching of ref- 
erences to new buffers, is performed in parallel. The 
CPU is notified only after a transmission Is complete. 

The Receive Frame Area is a list of Free Frame De- 
scriptors (descriptors not yet used) and a list of user- 
prepared buffers. Frames arrive at the 82596 unso- 
licited; the 82596 must always be ready to receive 
and store them in the Free Frame Area. The Re- 
ceive Unit fills the buffers when it receives frames, 
and reformats the Free Buffer List into received- 
frame structures. The frame structure is, for all prac- 
tical purposes, identical to the format of the frame to 
be transmitted. The first Frame descriptor is refer- 
enced by the SCB. Unless the 82596 is configured 
to Save Bad Frames, the frame descriptor, and the 
associated buffer descriptor, which is wasted when 
a bad frame is received, are automatically reclaimed 
and returned to the Free Buffer List. 

Receive buffer chaining (storing Incoming frames in 
a linked buffer list) significantly improves memory 
utilization. Without buffer chaining, the user must al- 
locate consecutive blocks of memory, each capable 
of containing a maximum frame (for Ethernet, 1 51 8 
bytes). Since an average frame is about 200 bytes, 
this is very inefficient. With buffer chaining, the user 
can allocate small buffers and the 82596 will only 
use those that are needed. 

Figure 7 A-D illustrates how the 82596 uses the 
Receive Frame Area. Figure 7A shows an unused 
Receive Frame Area composed of Free Frame De- 
scriptors and Free Receive Buffers prepared by the 
user. The SCB points to the first Frame Descriptor of 
the Frame Descriptor List. Figure 7B shows the 
same Receive Frame Area after receiving one 
frame. This first frame occupies two Receive Buffers 
and one Frame Descriptor—a valid received frame 
will only occupy one Frame Descriptor. After receiv- 



ing this frame the 82596 sets the next Free Frame 
Descriptor RBD pointer to the next Free RBD. Figure 
7C shows the RFA after receiving a second frame. 
In this example the second frame occupies only one 
Receive Buffer and one RFD. The 82596 again sets 
the RBD pointer. This process is repeated again in 
Figure 7D, showing the reception of another frame 
using one Receive Buffer; in this example there is an 
extra Frame Descriptor. 



TRANSMIT AND RECEIVE MEMORY 
STRUCTURES 

There are three memory structures for reception and 
transmission. The 82586 memory structure, the 
Flexible memory structure, and the Simplified memo- 
ry structure. The 82586 nriode is selected by config- 
uring the 82596 during initialization. In this mode all 
the 82596 memory structures are compatible with 
the 82586 memory structures. 

When the 82596 is not configured to the 82586 
mode, the other two memory structures. Simplified 
and Flexible, are available for transmitting and re- 
ceiving. These structures are selected by setting the 
S/F bit in the Transmit Command and/or the Re- 
ceive Frame Descriptor (see Figures 29, 30, 41 , and 
42). It is recommended that any linked list of buffers 
be relegated to a single type — either simplified or 
flexible. The Simplified memory structure offers a 
simple structure for ease of programming (see Fig- 
ure 8). Ail information about a frame is contained in 
one structure; for example, during reception the RFD 
and data field are contained in one structure. 

Tt)e Flexible memory structure (see Figure 9) has a 
control field that allows the programmer to specify 
the amount of receive data the RFD will contain for 
receive operations and the amount of transmit data 
the Transmit Command Block will contain for trans- 
mit operations. For example, when the control field 
in the RFD is set to 20 bytes during a reception, the 
first 20 bytes of the data field are stored in the RFD 
(6 bytes of destination address, 6 bytes of source 
Address, 2 bytes of length field, and 6 bytes of data) 
and the remainder of the data field is stored in the 
Receive Data Buffers. This is useful for capturing 
frame headers when header information is con- 
tained in the data field. The header information can 
then be automatically stored in the RFD partitioned 
from the Receive Data Buffer. 

The control field can also be used for the Transmit 
Command when the Flexible memory structure is 
used. The quantity of data field bytes to be transmit- 
ted from the Transmit Command Block is specified 
by the variable control field. 
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Figure 7. Frame Reception in the RFA 
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Figure 8. Simplified l\/lemory Structure 
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Figure 9. Fiexibie IMemory Structure 
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TRANSMITTING FRAMES 

The 82596 executes high-level Action Commands 
from the Command List in system memory. Action 
Commands are fetched and executed in parallel with 
the host CPU operation, thereby significantly improv- 
ing system performance. The format of the Action 
Commands is shown In Figure 10. Figure 28 shows 
the 82586 mode, and Figures 29 and 30 show the 
command formats of the Linear and 32-bit Segment- 
ed modes. 

A single Transmit command contains, as part of the 
command-specific parameters, the destination ad- 
dress and length field of the transmitted frame and a 
pointer to buffer area in memory containing the data 
portion of the frame. The data field is contained in a 
memory data structure consisting of a buffer de- 
scriptor (BD) and a data buffer — or a linked list of 
buffer descriptors and buffers— as shown in Figure 
11. 

Multiple data buffers can be chained together using 
the BDs. Thus, a frame with a long data field can be 
transmitted using several (shorter) data buffers 
chained together. This chaining technique allows the 
system designer to develop efficient buffer manage- 
ment. 

The 82596 automatically generates the preamble 
(alternating Is and Os) and start frame delimiter, 
fetches the destination address and length field from 
the Transmit command, inserts its unique address 
as the source address, fetches the data field speci- 
fied by the Transmit command, and computes and 
appends the CRC to the end of the frame (see Fig- 
ure 12). In the Linear and 32-bit Segmented mode 
the CRC can be optionally inserted on a frame-by- 
frame basis by setting the NC bit in the Transmit 
Command Block (see Figures 29 and 30). 

The 82596 can be configured to generate two types 
of start and end frame delimiters— End of Carrier 
(EOC) or HDLC. In EOC mode the start frame delimi- 
ter is 10101011 and the end frame delimiter is indi- 



cated by the lack of a signal after the last bit of the 
frame check sequence field has been transmitted. In 
EOC mode the 82596 can be configured to extend 
short frames by adding pad bytes (7Eh) during trans- 
mission, according to the length field. In HDLC mode 
the 82596 will generate the 01111110 flag for the 
start and end frame delimiters, and do standard bit 
stuffing and stripping. Furthermore, the 82596 can 
be configured to pad frames shorter than the speci- 
fied minimum frame length by appending the appro- 
priate number of flags to the end of the frame. 

When a collision occurs, the 82596 manages the 
jam, random wait, and retry processes, reinitializing 
DMA pointers without CPU intervention. Multiple 
frames can be sent by linking the appropriate num- 
ber of Transmit commands together. This is particu- 
larly useful when transmitting a message larger than 
the maximum frame size (1518 bytes for Ethernet). 
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COMMAND 
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PARAMETER FIELD 

(COMMAND-SPECIFIC 

PARAMETERS) 
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Figure 10. Action Command Format 
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Figure 11. Data Buffer Descriptor and 
Data Buffer Structure 
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Figure 12. Frame Format 
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RECEIVING FRAMES 

To reduce CPU overhead, the 82596 is designed to 
receive frames without CPU supervision. The host 
CPU first sets aside an adequate receive buffer 
space and then enables the 82596 Receive Unit. 
Once enabled, the RU watches for arriving frames 
and automatically stores them in the Receive Frame 
Area (RFA). The RFA contains Receive Frame De- 
scriptors, Receive Buffer Descriptors, and Data Buff- 
ers (see Figure 1 3). The individual Receive Frame 
Descriptors make up a Receive Descriptor List 
(RDL) used by the 82596 to store the destination 
and source addresses, the length field, and the 
status of each frame received (see Figure 14). 

Once enabled, the 82596 checks each passing 
frame for an address match. The 82596 will recog- 
nize its own unique address, one or more multicast 
addresses, or the broadcast address. If a match is 
found the 82596 stores the destination and source 
addresses and the length field in the next available 
RFD. It then begins filling the next available Data 
Buffer on the FBL, which is pointed to by the current 
RFD, with the data portion of the incoming frame. As 
one Data Buffer is filled, the 82596 automatically 
fetches the next DB on the FBL until the entire frame 
is received. This buffer chaining technique is particu- 
larly memory efficient because it allows the system 
designer to set aside buffers to fit frames much 
shorter than the maximum allowable frame length. If 
AL-LOC = 1, or if the flexible memory structure is 
used, the addresses and length field can be placed 
In the Receive Buffer. 

Once the entire frame is received without error, the 
82596 does the following housekeeping tasks. 

• The actual count field of the last Buffer Descrip- 
tor used to hold the frame just received is updat- 
ed with the number of bytes stored in the associ- 
ated Data Buffer. 

• The next available Receive Frame Descriptor Is 
fetched. 

• The address of the next available Buffer Descrip- 
tor is written to the next available Receive Frame 
Descriptor. 

• A frame received interrupt status bit is posted in 
the SCB. 

• An interrupt is sent to the CPU. 

If a frame error occurs, for example a CRC error, the 
82596 automatically reinitializes its DMA pointers 
and reclaims any data buffers containing the bad 



frame. The 82696 will continue to receive frames 
without CPU help as long as Receive Frame De- 
scriptors and Data Buffers are available. 



82596 NETWORK MANAGEMENT 
AND DIAGNOSTICS 

The behavior of data communication networks Is 
normally very complex because of their distributed 
and asynchronous nature. It is particularly difficult to 
pinpoint a failure when it occurs. The 82596 has ex- 
tensive diagnostic and network management func- 
tions that help improve reliability and testability. The 
82596 reports on the following events after each 
frame is transmitted. 

• Transmission successful. 

• Transmission unsuccessful. Lost Carrier Sense. 

• Transmission unsuccessful. Lost Clear to Send. 

• Transmission unsuccessful. A DMA underrun oc- 
curred because the system bus did not keep up 
with the transmission. 

• Transmission unsuccessful. The number of colli- 
sions exceeded the maximum allowed. 

• Number of Collisions. The number of collisions 
experienced during transmission of the frame. 

• Heartbeat Indicator. This indicates the presence 
of a heartbeat during the last Interframe Spacing 
(IFS) after transmission. 

When configured to Save Bad Frames the 82596 
checks each incoming frame and reports the follow- 
ing errors. 

• CRC error. Incorrect CRC In a properly aligned 
frame. 

• Alignment error. Incorrect CRC in a misaligned 
frame. 

• Frame too short. The frame is shorter than the 
value configured for minimum frame length. 

• Overrun. Part of the frame was not placed in 
memory because the system bus did not keep up 
with incoming data. 

• Out of buffer. Part of the frame was discarded 
because of insufficient memory storage space. 

• Receive collision. A collision was detected during 
reception and the destination address of the in- 
coming frame matches the 82596 individual ad- 
dress. Collisions in the preamble are not counted. 

• Length error. A frame not matching the frame 
length parameter was detected. 
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Figure 13. Receive Frame Area Diagram 
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Figure 14. Receive Frame Descriptor 
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NETWORK PLANNING AND 
MAINTENANCE 

To properly plan, operate, and maintain a communi- 
cation network, the network management entity 
must accumulate information on network behavior. 
The 82596 provides a rich set of network-wide diag- 
nostics that can serve as the basis for a network 
management entity. 

Information on network activity is provided in the 
status of each frame transmitted. The 82596 reports 
the following activity indicators after each frame. 

• Number of collisions. The number of collisions 
the 82596 experienced while attempting to trans- 
mit the frame. 

• Deferred transnhisslon. During the first transmis- 
sion attempt the 82596 had to defer to traffic on 
the link. 

The 82596 updates Its 32-bit statistical counters af- 
ter each received frame that both passes address 
filtering and is longer than the Mini?num Frame 
Length configuration parameter. The 82596 reports 
the following statistics. 

• CRC errors. The number of well-aligned frames 
that experienced a CRC error. 

• Alignment errors. The number of misaligned 
frames that experienced a CRC error. 

• No resources. The number of frames that were 
discarded because of insufficient resources for 
reception. 

• Overrun errors. The number of frames that were 
not completely stored in memory because the 
system bus did not keep up with incoming data. 

• Receive Collision counter. The number of colli- 
sions detected during receive. Collisions occur- 
ring before the minimum frame length will be 
counted as short frames. Collisions in the pream- 
ble will not be counted at all. 

• Short Frame counter. The number of frames that 
were discarded because they were shorter than 
the configured minimum frame length. 

Once again, these counters are not updated until the 
82596 decodes a destination address match. 

The 82596 can be configured to Promiscuous mode. 
In this mode it captures all frames transmitted on the 
network without checking the Destination Address. 
This is useful when implementing a monitoring sta- 
tion to capture all frames for analysis. 

A useful method of capturing frame headers is to 
use the Simplified memory mode, configure the 
82596 to Save Bad Frames, and configure the 
82596 to Promiscuous mode with space in the RFD 
allocated for specific number of receive data bytes. 



The 82596 will receive all frames and put them in the 
RFD. Frames that exceed the available space in the 
RFD will be truncated, the status will be updated, 
and the 82596 will retrieve the next RFD. This allows 
the user to capture the initial data bytes of each 
frame (for instance, the header) and discard the re- 
mainder of the frame. 

The 82596 also has a monitor mode for network 
analysis. During normal operation the receive func- 
tion enables the 82596 to receive frames that pass 
address filtering. These frames must have the Start 
of Frame Delimiter (SFD) field and must be longer 
than the absolute minimum frame length of 5 bytes 
(6 bytes in case of Multicast address filtering). Con- 
tents and status of the received frames are trans- 
ferred to memory. The monitor function enables the 
82596 to simply evaluate the incoming frames. The 
82596 can monitor the frames that pass or do not 
pass the address filtering. It can also monitor frames 
which do not have the SFD fields. The 82596 can be 
configured to only keep statistical Information about 
monitor frames. Three options are available in the 
Monitor mode. These options are selected by the 
two monitor mode configuration bits available in the 
configuration command. 

When the first option is selected, the 82596 receives 
good frames that pass address filtering and trans- 
fers them to memory while monitoring frames that 
do not pass address filtering or are shorter than the 
minimum frame size (these frames are not trans- 
ferred to memory). When this option is used the 
82596 updates six counters: CRC errors, alignment 
errors, no resource errors, overrun errors, short 
frames and total good frames received. 

When the second option is selected, the receive 
function is completely disabled. The 82596 monitors 
only those frames that pass address filterings and 
meet the minimum frame length requirement. When 
this option is used the 82596 updates six counters: 
CRC errors, alignment errors, total frames (good and 
bad), short frames, collisions detected and total 
good frames. 

When the third option is selected, the receive func- 
tion is completely disabled. The 82596 monitors all 
frames, including frames that do not have a Start 
Frame Delimiter. When this option is used the 82596 
updates six counters: CRC errors, alignment errors, 
total frames (good and bad), short frames, collisions 
detected and total good frames. 
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STATION DIAGNOSTICS 
AND SELF-TEST 

The 82596 provides a large set of diagnostic and 
network management functions. Tliese include inter- 
nal and external loopback and time domain reflec- 
tometry for locating fault points in the network cable. 
The 82596 ensures software reliability by dumping 
the contents of the 82596 internal registers into sys- 
tem memory. The 82596 has a self-test mode that 
enables it to run an internal self-test and place the 
results in system memory. 



82586 SOFTWARE COMPATIBILITY 

The 82596 has a software-compatible state in which 
all its memory structures are compatible with the 
82586 memory structure. This includes all the Action 
Commands, the Receive Frame Area (including the 
RFD, Buffer Descriptors, and Data Buffers), the Sys- 
tem Control Block, and the initialization procedures. 
There are two minor differences between the 82596 
in the 82586-Compatible memory structure and the 
82586. 

• When the internal and external loopback bits in 
the Configure command are set to 1 1 the 82596 
is in external loopback and the LPBK pin is acti- 
vated; in the 82586 this situation would produce 
internal loopback. 

• During a Dump command both the 82596 and 
82586 dump the same number of bytes; however, 
the data format is different. 



INITIALIZING THE 82596 

A Reset command Is issued to the 82596 to prepare 
it for normal operation. The 82596 is initialized 
through two data structures that are addressed by 
two pointers, the System Configuration Pointer 
(SCR) and the Intermediate System Configuration 
Pointer (ISCP). The initialization procedure begins 
when a Channel Attention signal is asserted after 
RESET. The 82596 uses the address of the double 
word that contains the SCP as a default— 
00FFFFF4h. Before the CA signal is asserted this 
default address can be chang ed to any other avail- 
able address by asserting the PORT pin and provid- 
ing the desired address over the D31-D4 pins of the 
address bus. Pins D3-D0 must be 0010; i.e., any 
alternative address must be aligned to 16-byte 
boundaries. All addresses sent to the 82596 must be 
word aligned, which means that all pointers and 
memory structures must start on an even address 
(Ao = zero). 



SYSTEM CONFIGURATION POINTER 
(SCP) 

The SCP contains the sysbus byte and the location 
of the next structure of the initialization process, the 
ISCP. The following parameters are selected in the 
SYSBUS. 

• The 82596 operation mode. 

• The Bus Throttle timer triggering method. 

• Lock enabled. 

• Interrupt polarity. 

• Big Endian 32-bit entity mode. 

Byte ordering is determined by the LE/BE pin. 
LE/BE=1 selects Little Endian byte ordering and 
LE/BE = selects Big Endian byte ordering. 

NOTE: 

In the following, X indicates a bit not checked 
82586 mode. This bit must be set to in all other 
modes. 
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The following diagram illustrates the format of the SCP. 



31 ODD WORD 16 


15 EVEN WORD 


XXXXXXXX 


SYSBUS 


00000000 


00000000 


XXXXXXXX 


XXXXXXXX 


XXXXXXXX 


XXXXXXXX 


A31 A24 


A23 ISCP ADDRESS AO 



OFFFFFSh 
AO OFFFFFCh 



A31 A24 are not checked in 82586 mode 

X X areas are not checked in 82586 mode; they must be in all other modes. 



I BE I 1 I INT LOCK I TRG I Ml I MO I X I 



- The 32-bit address pointers In Linear mode are treated ' 

as two 16-bit big endian entities. This is identical to 
the 82596 A1 stepping definition. 

1 - The 32-bit address pointers In Linear mode are treated 

as 32-bit big endian entities. This mode Is only supported 
In the 82596 B stepping. In this mode the SOB absolute 
address and statistical counters are still treated as two 
16 -bit big endian entities. 

Interrupt polarity 

- Interrupt pin is active 

high 

1 - Interrupt pin Is active 

low 



t 



L. 



: NOT CHECKED 

-00: 82586 mode 

1 : 32-Bit Segmented mode 

1 : Linear mode 
1 1 : Reserved 



' : internal triggering of the 

Bus Throttle timers 
1 : external triggering of the 
Bus Throttle timers 



■ : Lock function enabled 
1 : Lock function disabled 
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ISCP ADDRESS— The physical address of the ISCP. In the 82586 mode, bits A31 -A24 are considered to 
be zero. 



Figure 15. The System Configuration Pointer 



Writing the Sysbus 



When writing the sysbus byte it is important to pay attention to the byte order. 

• When a Little Endian processor is used, the sysbus byte is located at byte address 00FFFFF6h (or address 
A7+2 if an alternative SCP address n was programmed). 

• When a processor using Big Endian byte ordering is used, the sysbus, alternative SCP, and ISCP addresses 
will be different. 

• The sysbus byte is located at OOFFFFFSh. 

• If an alternative SCP address is programmed, the sysbus byte should be at byte address a7+ 1. 
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INTERMEDIATE SYSTEM CONFIGURATION POINTER (ISCP) 

The ISCP Indicates the location of the System Control Block. Often the SCP Is In ROM and the ISCP Is in RAM. 
The CPU loads the SCB address (or an equivalent data structure) Into the ISCP and asserts CA. This Channel 
Attention signal causes the 82596 to begin Its Initialization procedure and to get the SCB address from the 
ISCP and SCP. In 82586 and 32-bit Segmented modes the SCP base address Is also the base address of all 
Command Blocks, Frame Descriptors, and Buffer Descriptors (but not buffers). All these data structures must 
reside In one 64-KB segment; however. In Linear mode no such limitation is imposed. 

The following diagram Illustrates the ISCP format. 



31 


ODD WORD 


16 


EVEN WORD 
15 8 7 





A15 


SCB OFFSET 


AO 




BUSY 




A23 


SCB BASE ADDRESS 


AO 



^ ^ ^ISCP 

|a23 SCB BASE ADDRESS Ao| ISCP + 4 

T 
XXXXXXXX — in82586mode 
A31 A24 — in 32-bit segmented mode. 

BUSY — Indicates that the 82596 is being initialized. The CPU sets the ISCP to 01 h before it gives 

the first CA to the 82596. The ISCP is cleared by the 82596 after the SCB base and offset 
are read. Note that the most significant byte of the first word of the ISCP is not modified 
when BUSY is cleared. 

SCB OFFSET— This 16-bit quantity specifies the offset portion of the address of the SCB. 

SCB BASE — Specifies the base portion of the address of the SCB. The base of SCB is also the base of 
all 82596 Command Blocks, Frame Descriptors and Buffer Descriptors. In the 82586 
mode, bits A31 -A24 are considered to be zero. 




Figure 16. The Intermediate System Configuration Pointer— 82586 and 32-Bit Segmented i\/lodes 
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ODD WORD 


16 15 


EVEN WORD 
8 7 







... 






.0 


BUSY 








A31 




SCB ABSOLUTE ADDRESS 






AO 



ISCP 
ISCP + 4 



BUSY — Indicates that the 82596 Is being initialized. The ISCP is set to 01 h by the CPU before its 

first CA to the 82596. It is cleared by the 82596 after the SCB address is read. 

SCB ADDRESS— This 32-bit quantity specifies the physical address of the SCB. 



Figure 17. The intermediate System Configuration Pointer— Linear Mode. 

INITIALIZATION PROCESS 

The CPU sets up the SCP, ISCP, and the SCB structures, and, if desired, an alternative SCP address. It also 
sets BUSY to 01 h. The 82596 is initialized when a Channel Attention signal follows a Reset signal, causing the 
82596 to access the System Configuration Pointer. The sysbus byte, the operational mode, the bus throttle 
timer triggering method, the interrupt polarity, and the state of LOCK are read. After reset the Bus Throttle ^ 
timers are essentially disabled — the T-ON value is infinite, the T-OFF value is zero. After the SCP is read, the * 
82596 reads the ISCP and saves the SCB address. In 82586 and 32-bit Segmented modes this address is 
represented as a base address plus the offset (this base address is also the base address of all the control 
blocks). In Linear mode the base address is also an absolute address. The 82596 clears BUSY, sets CX and 
CNR to equal 1 in the SCB, clears the SCB command word, sends an interrupt to the CPU, and awaits another 
Channel Attention signal. RESET configures the 82596 to its default state before CA is asserted. 
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CONTROLLING THE 82596CA 

The host CPU controls the 82596 with the commands, data structures, and methods described In this section. 
The CPU and the 82596 communicate through shared memory structures. The 82596 contains two Indepen- 
dent units: the Command Unit and the Receive Unit. The Command Unit executes commands from the CPU, 
and the Rebeive Unit handles frame reception. These two units are controlled and monitored by the CPU 
through a shared memory structure called the System Control Block (SCB). The CPU and the 82596 use the 
CA and INT signals to communicate with the SCB. 



82596 CPU ACCESS INTERFACE (PORT) 

The 82596 has a CPU access interface that allows the host CPU to do four things. 

• Write an alternative System Configuration Pointer address. 

• Write an alternative Dump area pointer and perform Dump. 

• Execute a software reset. 

• Execute a self-test. 

The following events initiate the CPU access state. 

• Presence of an address on the D31-D4 data bus pins. 

• The D3-D0 pins are used to select one of the four functions. 

• The PORT Input pin is asserted, as in a regular write cycle. 

NOTE. 

The SCP Dump and Self-Test addresses must be 1 6-byte aligned. 

The 82596 requires two 16-bit write cycles for a port co mmand. The first write holds the internal machines and 
reads the first 16 bits; the second activates the PORT command and reads the second 16 bits. 



The PORT Reset Is useful when only the 82596 needs to be reset. The CPU must wait for 1 0-system and 5-se- 
rial clocks before issuing another CA to the 82596; this new CA begins a new initialization process. 

The Dump function is useful for troubleshooting No Response problems. If the chip is In a No Response state, 
the PORT bump operation can be executed and a PORT Reset c^n be used to reinitialize the 82596 without 
disturbing the rest of the system. 

The Self-Test function can be used for board testing; the 82596 will execute a self-test and write the results to 
memory. 

Table 2. PORT Function Selectjon 



Function 


D31 D4 DO 


Addresses and Resuits 


D3 


D2 


D1 


DO 


Reset 


A31 Don't Care A4 














Self-Test 


A31 Self-Test Results Address A4 











1 


SCP 


A31 Alternative SCP Address A4 








1 





Dump 


A31 Dump Area Pointer A4 








1 


1 



MEMORY ADDRESSING FORMATS 

The 82596 accesses memory by 32-bit addresses. There are two types of 32-bit addresses: linear and seg- 
mented. The type of address used depends on the 82596 operating mode and the type of memory structure it 
Is addressing. The 82596 has three operating modes. 
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• 82586 Mode 

• A Linear address is a single 24-blt entity. Address pins A31 -A24 are always zero. 

• A Segmented address uses a 24-blt base and a 16-blt offset. 

• 32-blt Segmented Mode 

• A Linear address is a single 32-bit entity. 

• A Segmented address uses a 32-bit base and a 16-bit offset. 

NOTE: 

In the previous two memory addressing modes, each command header (CB, TBD, RFD, RED, and SCB) 
must wholly reside within one segment. If the 82596 encounters a memory structure that does not follow this 
restriction, the 82596 will fetch the next contiguous location in memory (beyond the segment). 

• Linear Mode 

• A Linear address is a single 32-bit entity. 

• There are no Segmented addresses. 

Linear addresses are primarily used to address transmit and receive data buffers. In the 82586 and 32-bit 
Segmented modes, segmented addresses (base plus offset) are used for all Command Blocks, Buffer Descrip- 
tors, Frame Descriptors, and System Control Blocks. When using Segmented addresses, only the offset 
portion of the entity being addressed is specified in the block. The base for all offsets is the same— that of the 
SCB. See Table 1. 

LITTLE ENDIAN AND BIG ENDIAN BYTE ORDERING 

The 82596 supports both Little Endian and Big Endian byte ordering for its memory structures. 

The 82596 A1 stepping supports Big Endian byte ordering for word and byte entities. Dword entitles are not 
supported with 82596 A1 Big Endian byte ordering. This results in slightly different 82596A1 memory struc- 
tures for Big Endian operation. These structures are defined in the 32-Bit LAN Components User's Manual. 

The 82596 B stepping supports Big Endian byte ordering for Linear mode only. All 82596 B 32-bit address 
pointers are treated as 32-bit Big Endian entities, however, the SCB absolute address and statistical counters 
are treated as two 1 6-bit Big Endian entities. This 32-bit Big Endian entity support is configured through bit 7 in 
the SYSBUS byte. 

The 82596 C-step has a New Enhanced Big Endian Mode where in Linear Addressing mode, true 32-bit Big 
Endian functionality is achieved. New Enhanced Big Endian Mode is enabled exactly the same as the B-step, 
by setting bit 7 of the SYSBUS byte. This mode is software compatible with the big endian mode of the B-step 
with one exception — no 32-bit addresses need to be swapped by software In the C-step. In this new mode, the 
82596 C-step treats 32-bit address pointers as true 32-bit entities and the SCB absolute address and statistical 
counters are still treated as two 1 6-bit big endian entities. Not setting this mode will configure the 82596 C-step 
to be 100% compatible to the A1-step big endian mode. 

NOTE: 

All 82596 memory entitles must be word or dword aligned, except the transmit buffers can be byte aligned 
for the 82596 B or C-steppings. 

An example of a dword entity is a frame descriptor command/status dword, whereas the raw data of the frame 
are byte entities. Both 32- and 1 6-bit buses are supported. When a 1 6-bit bus is used with Big Endian memory 
organization, data lines D15-D0 are used. The 82596 has an internal crossover that handles these swap 
operations. 
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COMMAND UNIT (CU) 

The Command Unit is the logicakunlt that executes Action Commands from a list of commands very similar to 
a CPU program. A Command Block is associated with each Action Command. The CU is modeled as a logical 
machine that takes, at any given time, one of the following states. 

• Idle. The CU is not executing a command and is not associated with a CB on the list. This is the initial state. 

• Suspended. The CU is not executing a command; however, it is associated with a CB on the list. 

• Active. The CU is executing an Action Command and pointing to its CB. 

The CPU can affect CU operation in two ways: by issuing a CU Control Command or by setting bits in the 
Command word of the Action Command. 

When programming the 82596 CU, it is important to consider the asynchronous way the 82596 processes 
commands. If a command is issued to the 82596 CU, it may be busy processing other commands. In order to 
avoid asynchronous r^ice conditions, the following guidelines are recommended to the 82596 programmer. 

• If the CU is already in the Active state, and another command needs to be executed, it is unwise to 
Immediately issue another CU Start command. If a new command (or list of commands) needs to be 
started, first issue a CU Suspend command, wait for the CU to become Suspended, then issue the new CU 
Start. This will insure that all commands are proqessed correctly. 

• In general, it is a good idea to make sure any CU command has been accepted and executed before 
issuing a new control command to the CU. 

RECEIVE UNIT (RU) 

The Receive Unit is the logical unit that receives frames and stores them in memory. The RU is modeled as a 
logical machine that takes, at any given time, one of the following states. 

• Idle. The RU has no memory resources and is discarding incoming frames. This is the initial state. 

• No Resources. The RU has no memory resources and is discarding Incoming frames. This state differs 
from Idle in that the RU accumulates statistics on the number of discarded frames. 

• Suspended. The RU has memory available for storing frames, but is discarding them. The suspend state 
can only be reached if the CPU forces this through the SCB or sets the suspend bit in the RFD. 

• Ready. The RU has memory available and is storing incorhing frames. 

The CPU can affect RU operation in three ways: by issuing an RU Control Command, by setting bits in the 
Frame Descriptor Command word of the frame being received, or by setting the EL bit of the current buffer's 
Buffer Descriptor. 

When programming the 82596 RU, it is important to consider the asynchronous way the 82596 processes 
receive frames. If an RU Start is Issued to the 82596 RU, it may be busy processing other incoming packets. In 
order to avoid asynchronous race conditions, the following guidelines are recommended to the 82596 pro- 
grammer: 

• If the RU is already in the Ready state, and a new RFA is required to be started, it is unwise to immediately 
issue another RU Start command. If the new RFA needs to be started, first issue an RU Suspend com- 
mand, wait for the RU to become Suspended, then issue the new RU Start. This will insure that all incoming 
frames are received correctly. 

• In general, It is a good idea to make sure any RU command has been accepted and executed before 
issuing a new control command to the RU. 
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SYSTEM CONTROL BLOCK (SCB) 

The SCB is a memory block that plays a major role in communications between the CPU and the 82596. Such 
communications include the following. 

• Commands issued by the CPU 

• Status reported by the 82596 

Control commands are sent to the 82596 by writing them into the SCB and then asserting CA. The 82596 
examines the command, performs the required action, and then clears the SCB command word. Control 
commands perform the following types of tasks. 

• Operation of the Command Unit (CU). The SCB controls the CU by specifying the address of the Command 
Block List (CBL) and by starting, suspending, resuming, or aborting execution of CBL commands. 

• Operation of the Bus Throttle. The SCB controls the Bus Throttle timers by providing them with new values 
and sending the Load and Start timer commands. The timers can be operated In both the 32-bit Segmented 
and Linear modes. 

• Reception of frames by the Receive Unit (RU). The SCB controls the RU by specifying the address of the 
Receive Frame Area and by starting, suspending, resuming, or aborting frame reception. 

• Acknowledgment of events that cause interrupts. 

• Resetting the chip. 

The 82596 sends status reports to the CPU via the System Control Block. The SCB contains four types of 
status reports. 

• The cause of the current interrupts. These interrupts are caused by one or more of the following 82596 
events. 

• The Command Unit completes an Action Command that has Its I bit set. 

• The Receive Unit receives a frame. 

• The Command Unit becomes inactive. 

• The Receive Unit becomes not ready. 

• The status of the Command Unit. 

• The status of the Receive Unit. 

• Status reports from the 82596 regarding reception of corrupted frames. 
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Events can be cleared only by CPU acknowledgment. If some events are not acknowledged by the ACK field 
the Interrupt signal (INT) will be reissued after Channel Attention (CA) is processed. Furthermore, If a new 
event occurs while an interrupt is set, the interrupt is temporarily cleared to trigger edge-triggered interrupt 
controllers. 

The CPU uses the Channel Attention line to cause the 82596 to examine the SCB. This signal is trailing-edge 
triggered— the 82596 latches CA on the trailing edge. The latch is cleared by the 82596 before the SCB 
control command is read. 
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Figure Ifii. SCB— 82586 Mode 
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Figure 19. SCB— 32-Bit Segmented i\/lode 
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Figure 20. SCB — Linear l\/iode 
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Command Word 

31 
















16 


■ ACK " 
1 1 1 





cue 
1 1 


R 


;-; 















SCB + 2 



These bits specify the action to be performed as a result of a CA. This word is set by the CPU and cleared by 
the 82596. Defined bits are: 



Bit31 ACK-CX 
Bit30ACK-FR 
Bit 29 ACK-CNA 
Bit28ACK-RNR 
Bits 24-26 cue 



Bit 23 RESET 
Bits 20-22 RUC 



— Acknowledges that the CU completed an Action Command. 

— Acknowledges that the RU received a frame. 

— Acknowledges that the Command Unit became not active. 

— Acknowledges that the Receive Unit became not ready. 

— (3 bits) This field contains the command to the Command Unit. Valid values are: 

— NOP (does not affect current state of the unit). 

1 — Start execution of the first command on the CBL If a command is executing, 

complete it before starting the new CBL. The beginning of the CBL is in CBL 
OFFSET (address). 

2 — Resume the operation of the Command Unit by executing the next command. 

This operation assumes that the Command Unit has been previously sus- 
pended. 

3 — Suspend execution of commands on CBL after current command is complete. 

4 — Abort current command immediately. 

5 — Loads the Bus Throttle timers so they will be initialized with their new values 

after the active timer (T-ON or T-OFF) reaches Terminal Count. If no timer is 
active new values will be loaded immediately. This command is not valid in 
82586 mode. 

6 — Loads and immediately restarts the Bus Throttle timers with their new values. 

This command is not valid in 82586 mode. 

7 — Reserved. 

— Reset chip (logically the same as hardware RESET). 

— (3 bits) This field contains the command to the Receive Unit. Valid values are: 

— NOP (does not alter current state of unit). 

1 — Start reception of frames. The beginning of the RFA is contained in the RFA 

OFFSET (address). If a frame is being received complete reception before 
startirig. 

2 — Resume frame reception (only when in suspended state). 

3 — Suspend frame reception. If a frame is being received complete its reception 

before suspending. 

4 — Abort receiver operation immediately. 
5-7 — Reserved. 
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Status Word 
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32-Bit Segmented and Linear mode. 

Indicates the status of the 82596. This word is modified only by the 82596. Defined bits are: 

Bit 1 5 CX — The CU finished executing a command with its / (interrupt) bit set. 

Bit 14 FR — ■ The RU finished receiving a frame. 

Bit 13 CNA ■— The Command Unit left the Active state. 

Bit 1 2 RNR — The Receive Unit left the Ready state. 

Bits 8-10 CUS — (3 bits) This field contains the status of the command unit. Valid values are: 

— Idle 

1 — Suspended 

2 — Active 
3-7— Not used 

Bits 4-7 RUS — This field contains the status of the receive unit. Valid values are: 

Oh (0000) —Idle 

1h(0001) —Suspended 

2h(p010) —No Resources. This bit indicates both no resources due to lack of 
RFDs in the RDL and no resources due to lack of RBDs in the FBL. 

4h(0100) —Ready 

Ah (1010) — No resources due to no more RBDs (not in the 82586 mode). 

Ch (1 100) — No more RBDs (not in 82586 mode) 

No other combinations are allowed 

Bit 3 T — Bus Throttle timers loaded (not in 82586 mode). 

SCB OFFSET ADDRESSES 

CBL Offset (Address) 

In 82586 and 32-bit Segmented modes this 16-bit quantity indicates the offset portion of the address for the 
first Command Block on the CBL. In Linear mode it is a 32-bit linear address for the first Command Block on 
the CBL. It is accessed only if CUC equals Start. 

RFA Offset (Address) 

In 82586 and 32-bit Segmented modes this 16-bit quantity indicates the offset portion of the address for the 
Receive Frame Area. In Linear mode it is a 32-bit linear address for the Receive Frame Area. It is accessed 
only If RUC equals Start. 
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SCB STATISTICAL COUNTERS 
Statistical Counter Operation 

• The CPU is responsible for clearing all error counters before initializing the 82596. The 82596 updates 
these counters by reading them, adding 1 , and then writing them back to the SCB. 

• The counters are wraparound counters. After reaching FFFFFFFFh the counters wrap around to zero. 

• The 82596 updates the required counters for each frame. It is possible for more than one counter to be 
updated; multiple errors will result in all affected counters being updated. 

• The 82596 executes the read-counter/increment/write-counter operation without relinquishing the bus 
(locked operation). This is to ensure that no logical contention exists between, the 82596 and the CPU due 
to both attempting to write to the counters simultaneo usly. In the dual-port memory configuration the CPU 
should not execute any write operation to a counter if LOCK is asserted. 

• The counters are 32-blts wide and their behavior is fully compatible with the IEEE 802.3 standard. The 
82596 supports all relevant statistics (mandatory, optional, and desired) through the status of the transmit 
and receive header and directly through SCB statistics. 

CRCERRS 

This 32-bit quantity contains the number of aligned frames discarded because of a CRC error. This counter is 
updated, if needed, regardless of the RU state. 

ALNERRS 

This 32-bit quantity contains the number of frames that both are misaligned (i.e., where CRS deasserts on a 
nonoctet boundary) and bontain a CRC error. The counter is updated, If needed, regardless of the RU state. 

i 

SHRTFRM 

This 32-bit quantity contains the number of received frames shorter than the minimum frame length. 
The last three counters change function in monitor mode. 

RSCERRS 

This 32-blt quantity contains the number of good frames discarded because there were no resources to 
contain them. Frames intended for a host whose RU is in the No Receive Resources state, fall into this 
category. This counter is updated only if the RU is In the No Resources state. When in Monitor mode this 
counter counts the total number of frames—good and bad. 




2-31 



82596CA 



OVRNERRS 



intel 



This 32-bit quantity pontains tiie number of frames known to be lost because the local system bus was not 
available. If the traffic problem lasts longer than the duration of one frame, the frames that follow the first are 
lost without an indicator, and they are not counted. This counter is updated, if needed, regardless of the RU 
state. 

This 32-bit counter contains the number of collisions detected durii^g frame reception. This counter will only be 
updated if at least 64 bytes of data are received before the collision occurs. If a collision occurs before 64 
bytes of data are received, the frame is counted as a short frame. If the collision occurs in the preamble, no 
counters are incremented. 

ACTION COMMANDS AND OPERATING MODES 

This section lists all the Action Commands of the Command Unit Command Block List (CBL). Each command 
contains the Command field, the Status and Control fields, the link to the next Action Command, and any 
command-specific parameters. There are three basic types of action commands: 82596 Configuration and 
Setup, Transmission, and Diagnostics. The following is a list of the actual commands. 

• NOP • Transmit 

• Individual Address Setup • TDR 

• Configure • Dump 

• MC Setup • Diagnose 

The 82596 has three addressing modes. In the 82586 mode all the Action Commands look exactly like those 
of the 82586. 

• 82586 Mode. The 82596 software and memory structure is compatible with the 82586. 

• 32-Blt Segmented Mode. The 82596 can access the entire system memory and use the two new memory 
structures — Simplified and Flexible — while still using the segmented approach. This does not require any 
significant changes to existing software. 

• Linear Mode. The 82596 operates in a flat, linear, 4 gigabyte memory space without segmentation. It can 
also use the two new memory structures. 

In the 32-bit Segmented mode there are some differences between the 82596 and 82586 action commands, 
mainly in programming and activating new 82596 features. Those bits marked "don't care" in the compatible 
mode are nojt checked; however, we strongly recommend that those bits all be zeroes; this will allow future 
enchancemehts and extensions. 

In the Linear mode all of the address offsets become 32-bit address pointers. All new 82596 features are 
accessible in this mode, and all bits previously marked "don't care" must be zeroes.v 

The Action Commands, and all other 82596 memory structures, must begin on even byte boundaries, i.e., they 
must be word aligned. 
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NOP 

This command results in no action by the 82596 except for those performed in the normal command process- 
ing. It is used to manipulate the CBL manipulation. The format of the NOP command Is shown in Figure 21. 



NOP— 82586 and 32-Blt Segmented Modes 

31 ODD WORD 16 15 EVEN WORD 







EL 


S 


1 


xxxxxxxxxx 





c 


B 


OK 


00000000 






4 


XXXXXXXXXXXXXXXX 


A15 LINK OFFSET 


AO 


NOP— Linear Mode 

31 ODD WORD 16 15 EVEN WORD 







EL 


S 


1 


0000000000 





C 


B 


OK 


00000000 






4 


A31 LINK ADDRESS 


AO 









Figure 21 

where: 

LINK POINTER — In the 82586 or 32-bit Segmented modes this is a 16-bit offset to the next Command 
Block. In the Linear mode this is the 32-bit address of the next Command Block. 

EL . — If set, this bit indicates that this command block is the last on the CBL. 

S — If set to one, suspend the CU upon completion of thi^ CB. 

I -— If set to one, the 82596 will generate an interrupt after execution of the command is 

complete. If I is not set to one, the CX bit will not be set. 

CMD (bits 16-18) — The NOP command. Value: Oh. 

Bits 19-28 — Reserved (zero in the 32-bit Segmented and Linear modes). 

C — This bit indicates the execution status of the command. The CPU initially resets it to zero 

when the Command Block is placed on the CBL. Following a command Completion, the 
82596 will set it to one. 

B — This bit indicates that the 82596 is currently executing the NOP command. It is initially 

reset to zero by the CPU. The 82596 sets it to one when execution begins and to zero 
when execution is completed. This bit is also set when the 82596 prefetches the com- 
mand. 

NOTE: 

The C and B bits are modified in one operation. 

OK — Indicates that the command was executed without error. If set to one no error occurred 

(command executed OK). If zero an error occured. 

Individual Address Setup 

This command is used to load the 82596 with the Individual Address. This address is used by the 82596 for 
inserting the Source Address during transmission and recognizing the Destination Address during reception. 
After RESET, and prior to Individual Address Setup Command execution, the 82596 assumes the Broadcast 
Address is the Individual Address in all aspects, i.e.: 

• This will be the Individual Address Match reference. 

• This will be the Source Address of a transmitted frame (for AL-LOC = mode only). 
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lA Setup— 82586 and 32-Bit Segmented Modes 

3^ ODD WORD 16 15 EVEN WORD 
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1 


xxxxxxxxxx 
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OK 
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4 
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INDIVIDUAL ADDRESS 1st byte 
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AO 


6th byte 5th byte 


4th byte 


3rd byte 




lA Setup— Linear iy^ode 

31 ODD WORD 16 15 EVEN WORD 
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S 
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0000000000 
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B 


OK 


A 












4 
8 
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A31 LINK ADDRESS 




AO 


4th byte 3rd byte 


INDIVIDUAL ADDRESS 


1st byte 






6th byte 


5th byte 













where: 

LINK ADDRESS, 
EL, B, C, I, S 

A 



Figure 22 



— As per standard Command Block (see the NOP command for details) 

— Indicates that the command was abnormally terminated due to CU Abort control 
command. If one, then the command was aborted, and if necessary It should be 
repeated. If this bit is zero, the command was not aborted. 

— Reserved (zero in the 32-bit Segmented and Linear modes). 

— The Address Setup command. Value: 1 h. 



Bits 19-28 

CMD (bits 16-18) 

INDIVIDUAL ADDRESS — The Individual address of the node, to 6 bytes long. 

The least significant bit of the Individual Address must be zero for Ethernet (see the Command Structure). 
However, no enforcement of Is provided by the 82596. Thus, an Individual Address with 1 as its least 
significant bit is a valid Individual Address in all aspects. 

The default address length is 6 bytes long, as in 802.3. If a different length is used the lA Setup command 
should be executed after the Configure command. 

Configure 

The Configure command loads the 82596 with its operating parameters. It allows changing some of the 
parameters by specifying a byte count less than the maximum number of configuration bytes (1 1 in the 82586 
mode, 14 in the 32-Bit Segmented and Linear modes). The 82596 configuration depends on its mode of 
operation. When configuring the 1 2th byte (Byte 1 1 undefined) in 82586 mode this byte should be all ones. 

• In the 82586 mode the maximum number of configuration bytes is 12. Any number larger than 12 will be 
reduced to 12 and any number less than 4 will be increased to 4. 

• The additional features of the serial side are disabled in the 82586 mode. 

• In both the 32-Bit Segmented and Linear modes there are four additional configuration bytes, which hold 
parameters for additional 82596 features. If these parameters are not accessed, the 82596 will follow their 
default values. 

• For more detailed information refer to the 32-Blt LAN Components User's Manual. 
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The format of the Configure command Is shown in Figure 23, 24 and 25. 
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Figure 23. CONFIGURE— 82586 Mode 
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Figure 24. CONFIGURE— 32-Bit Segmented Mode 
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Figure 25. CONFIGURE— Linear Mode 

LINK ADDRESS, — As per standard Command Block (see the NOP command for details) 

EL, B, C, I, S 

A — Indicates that the command was abnormally terminated due to a CU Abort control com- 

mand. If 1 , then the command was aborted and If necessary it should be repeated. If this 
bit is 0, the command was not aborted. 

Bits 19-28 — Reserved (zero in the 32-Bit Segmented and Linear Modes) 

CMD (bits 16-18) — The CONFIGURE command. Value: 2h. 

The interpretation of the fields follows: 

7 6 S 4 3 2 1 



p 


X 


X 


X 


BYTE COUNT 

1 , 1 1 - 



BYTEO 
BYTE CNT (Bits 0-3) 

PREFETCHED (Bit 7) 



Byte Count. Number of bytes, including this one, that hold pa- 
rameters to be configured. 

Enable the 82596 to write the prefetched bit in all prefetch 
RBDs. 
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NOTE: 

The P bit is valid only in the new memory structure modes. In 82586 mode this bit is disabled (i.e., no 
prefetched mark). 



MONITOR 

1 


X 


X 


FIFO LIMIT 



BYTE1 
FIFO Limit (Bits 0-3) 
MONITOR # (Bits 6-7) 

DEFAULT: G8h 



FIFO limit. 

Receive monitor options. If the Byte Count of the configure 

command is less than 12 bytes then these Monitor bits are ignored. 



7 



















SAVBF 


1 














RESUME_RD 






BYTE 2 
SAV BF (Bit 7) 

DEFAULT: 40h 
RESUME_RD(Bit1) 



— Received bad frames are not saved in the memory. 
1 — Received bad frames are saved in the memory. 

— The 82596 does not reread the next OB on the list when a CU Resume 

Control Command is issued. 

1 —The 82596 will reread the next CB on the list when a CU Resume 

Control Command is issued. This is available only on the 82596B step- 
ping. 



LOOP BACK 

MODE 
1 


PREAMBLE LENGTH 


NO SRC 
ADD INS 


1 1 

ADDRESS LENGTH 

1 1 



BYTE 3 
ADR LEN (Bits 0-2) 
NO SCR ADD INS (Bit 3) 

PREAM LEN (Bits 4-5) 
LP BCK MODE (Bits 6-7) 
DEFAULT: 26h 



Address length (any kind). 

No Source Address Insertion. 

In the 82586 this bit is called AL LOC. 

Preamble length. 

Loopback mode. 



BOF METD 


EXPONENTIAL PRIORITY 





LINEAR PRIORITY 



BYTE 4 
LIN PRIO (Bits 0-2) 
EXP PRIO (Bits 4-6) 
BOF METD (Bit 7) 
DEFAULT: OOh 



Linear Priority. 
Exponential Priority. 
Exponential Backoff method. 



INTER FRAME SPACING 



BYTE 5 
INTERFRAME SPACING 
DEFAULT: 60h 



Interframe spacing. 
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SLOT TIME -LOW 



BYTE 6 
SLOT TIME (L) 
DEFAULT: OOh 



Slot time, low byte. 



MAXIMUM RETRY NUMBER 





SLOT TIME -HIGH 
1 1 



BYTE 7 

SLOT TIME (H) 
(Bits 0-2) 

RETRY NUM (Bits 4-7) 

DEFAULT: F2h 
7 



Slot time, iiigh part. 



Number of transmission retries on collision. 



PAD 


BIT 
STUFF 


CRC16/ 
CRG32 


NOCRC 
INSER 


TONO 
CRS 


MAN/ 
NRZ 


BC 
DIS 


PRM 
MODE 



B 



BYTES 
PRM (Bit 0) 
BCDIS(Bitl) 
MANCH/NRZ(Bit2) 

TONO CRS (Bit 3) 
N0CRCINS(Bit4) 
CRC-16/CRC-32(Bit5) 
BITSTF(Blt6) 
PAD (Bit 7) 
DEFAULT: OOh 



Promiscuous mode. 

Broadcast disable. 

Manchester or NRZ encoding. See specific timing require- 
ments for TXC in Manchester mode. 

Transmit on no CRS. 

No CRC insertion. 

CRC type. 

Bit stuffing. 

Padding. 



CDTSRC 



COLLISION DETECT FILTER 



CRS SRC 



CARRIER SENSE FILTER 

i I 



BYTE 9 
CRSF (Bits 0-2) 
CRS SRC (Bit 3) 
CDTF (Bits 4-6) 
CDTSRC (Bit 7) 
DEFAULT: OOh 



Carrier Sense filter (length). 
Carrier Sense source. 
Collision Detect filter (length). 
Collision Detect source. 
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MINIMUM FRAME LENGTH 



BYTE 10 
MIN FRAME LEN 
DEFAULT: 40h 



BYTE 1 1 
PRECRS (Bit 0) 
LNGFLD(Bitl) 
CRCINM(Bit2) 
AUTOTX (Bit 3) 
CDBSAC (Bit 4) 
MC_ALL (Bit 5) 
MONITOR (Bits 6-7) 
DEFAULT: FFH 



BYTE 12 
FDX(Bit6) 
DEFAULT: OOh 



Minimum frame length. 



7 















MONITOR 


MC__ALL 


CDBSAC 


AUTOTX 


CRCINM 


LNGFLD 


PRECRS 



BYTE 13 
MULT__IA (Bit 6) 
DIS^BOF (Bit 7) 
DEFAULT: 3Fh 



Preamble until Carrier Sense 

Length field. Enables padding at the End-of-Carrler framing (802.3). 

Rx ORG appended to the frame in memory. 

Auto retransmit when a collision occurs during the preamble. 

Collision Detect by source address recognition. 

Enable to receive all MC frames. 

Receive monitor options. 



7 






















FDX 





















Enables Full Duplex operation. 



7 



















DIS_BOF 


MULT_IA 


1 


1 


1 


1 


1 


1 



Multiple individual address. 
Disable the backoff algorithm. 
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A resdt (hardware or software) configures the 82596 according to the following defaults. 

Table 4. Configuration Defaults 



Parameter 


Default Value 


Units/Meaning 


ADDRESS LENGTH 


**6 


Bytes 


A/L FIELD LOCATION 





Located in FD 


* AUTO RETRANSMIT 


1 


Auto Retransmit Enable 


BITSTUFFING/EOC 





EOC 


BROADCAST DISABLE 





Broadcast Reception Enabled 


♦ CDBSAC 


1 


Disabled 


CDT FILTER 





Bit Times 


CDTSRC 





External Collision Detection 


* CRC IN MEMORY 


1 


CRC Not Transferred to Memory 


CRC-16/CRC-32 


•*o 


CRC-32 


CRS FILTER 





Bit Times 


CRSSRC 





External CRS 


* DISBOF 





Backoff Enabled 


EXT LOOPBACK 





Disabled 


EXPONENTIAL PRIORITY 


**o 


802.3 Algorithm 


EXPONENTIAL BACKOFF METHOD 


**o 


802.3 Algorithm 


* FULL DUPLEX (FDX) 





CSMA/CD Protocol (No FDX) 


FIFO THRESHOLD 


8 


TX: 32 Bytes, RX: 64 Bytes 


INT LOOPBACK 





Disabled 


INTERFRAME SPACING 


**96 


Bit Times 


LINEAR PRIORITY 


**o 


802.3 Algorithm 


* LENGTH FIELD 


1 


Padding Disabled 


MIN FRAME LENGTH 


**64 


Bytes 


* MCALL 


1 


Disabled 


* MONITOR 


11 


Disabled 


MANCHESTER/NRZ 





NRZ 


* MULTI lA 





Disabled 


NUMBER OF RETRIES 


**15 


Maximum Number of Retries 


NO CRC INSERTION 





CRC Appended to Frame 


PREFETCH BIT IN RBD 





Disabled (Valid Only in New Modes) 


PREAMBLE LENGTH 


**7 


Bytes 


* Preamble Until CRS 


1 


Disabled 


PROMISCUOUS MODE 





Address Filter On 


PADDING 





No Padding 


SLOT TIME 


**512 


Bit Times 


SAVE BAD FRAME 





Discards Bad Frames 


TRANSMIT ON NO CRS 





Disabled 




NOTES: 

1 . This configuration setup is compatible with the IEEE 802.3 specification. 

2. The Asterisk "*" signifies a new configuration parameter not available in the 82586. 

3. The default value of the Auto retransmit configuration parameter is enabled^). 

4. Double Asterisk "**" signifies IEEE 802.3 requirements. 
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Multicast-Setup 

This command is used to load the 82596 with the Multicast-IDs that should be accepted. As noted previously, 
the filtering done on the Multicast-IDs is not perfect and some unwanted frames may be accepted. This 
command resets the current filter and reloads it with the specified Multicast-IDs. The format of the Multicast- 
addresses setup command is: 



31 






ODD WORD 


16 15 








EVEN WORD 





EL 


S 


1 


XXXXXXXXXX 


1 1 


C 


B 


OK 


A 


00000000 





X 


X 


MC COUNT 


A15 


LINK OFFSET 


AO 


4th byte 


1st byte 


Nth byte 


MULTICAST ADDRESSES LIST 





Figure 26. MC Setup— -82586 and 32-Bit Segmented l\/lodes 



31 






ODD WORD 




16 15 










EVEN WORD 


EL 


S 


1 


0000000000 


1 1 


C 


B 


OK 


A 





000 00000000 


A31 


LINK ADDRESS 


AO 


2nd byte 


1st byte 


X 


X 


MC COUNT 


Nth byte 


MULTICAST ADDRESSES LIST 





where: 

LINK ADDRESS, 
EL, B, C, I, 8 

A 



Bits 19-28 
CMD (bits 16-18) 
MC-CNT 



MC LIST 



Figure 27. MC Setup— Linear Mode 



— As per standard Command Block (see the NOP command for details) 

— Indicates that the command was abnormally terminated due to a CU Abort control 
command. If one, then the command was aborted and if necessary it should be 
repeated. If this bit is zero, the command was not aborted. 

— Reserved (0 in both the 32-Bit Segmented and Linear Modes). 

— The MC SETUP command value: 3h. 

This 14-bit field indicates the number of bytes in the MC LIST field. The MC CNT 
must be a multiple of the ADDR LEN; othen/vise, the 82596 reduces the MC CNT to 
the nearest ADDR LEN multiple. MC CNT = implies resetting the Hash table 
which is equivalent to disabling the Multicast filtering mechanism. 

— A list of Multicast Addresses to be accepted by the 82596. The least significant bit 
of each MC address must be 1 . 



NOTE: 

The list is sequential; i.e., the most significant byte of an address is immediately followed by the least signifi- 
cant byte of the next address. 

— When the 82596 is configured to recognize multiple Individual Address (Multl-IA), 
the MC-Setup command is also used to set up the Hash table for the individual 
address. 
The least significant bit in the first byte of each lA address must be 0. 
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Transmit 

This command is used to transmit a frame of user data onto the serial link. The format of a Transmit command 
is as follows. 



31 






ODD WORD 


16 15 




EVEN WORD 





EL 


S 


1 


XXXXXXXXXX 


1 


C 


B 


STATUS BITS 


MAXCOLL 


A16 TBD OFFSET 


AO 


A15 LINK OFFSET 


AO 


4th byte 


DESTINATION ADDRESS 


1st byte 


LENGTH FIELD 


6th byte 



12 



Figure 28. TRANSMIT— 82586 Mode 



31 ODD WORD 16 15 EVEN WORD 




EL 


S 


1 


























NO 


SF 


1 


C 


B 


STATUS BITS 


MAXCOLL 




4 

8 

12 

16 


A15 TBD OFFSET AO 


A15 LINK OFFSET AO 


0000000000000000 


EOF 





TCB COUNT 


4th byte 


DESTINATION ADDRESS 1st byte 


LENGTH FIELD 


6th byte 


OPTIONAL DATA 







Figure 29. TRANSMIT--32-Bit Segmented Mode 



31 



ODD WORD 



16 15 



EVEN WORD 



EL 


S 


1 


























NC 


SF 


1 


C 


B 


STATUS BITS 


MAXCOLL 


A31 LINK ADDRESS AO 


A31 TRANSMIT BUFFER DESCRIPTOR ADDRESS AO 


0000000000000000 


EOF 





TCB COUNT 


4th byte 


DESTINATION ADDRESS 1st byte 


LENGTH FIELD 


6th byte 


OPTIONAL DATA 



20 



Figure 30. TRANSMIT— Linear Mode 



31 COMMAND WORD 16 




EL 


S 


1 


























NC 


SF 


1 


2 


t t 
0: No CRC Insertion disable; when the 0: Simplified 
configure command is configured to the Transn 
not insert the CRC during Transmit B 
transmission the NC bit has no field is all 1 
effect. 1: Flexible M 
1: No CRC Insertion enable; when the in a linked 
configure command is configured to 
insert the CRC during transmission 
the CRC will not be inserted when 
NC=1. 


Mode, all the Tx data is in 

nit Command Block. The 

uffer Descriptor Address 

s. 

Dde. Data is in the TCB and 

listofTBDs. 
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where: 
EL, B, C, I, S 
OK (Bit 13) 
A (Bit 12) 

Bits 19-28 
CMD (Bits 16-18) 
Status Bit 1 1 
Status Bit 10 



Status Bit 9 
Status Bit 8 

Status Bit 7 

Status Bit 6 



Status Bit 5 

Status Bit 4 

MAX-COL 
(Bits 3-0) 

LINK OFFSET 

TBD POINTER 



DEST ADDRESS 



LENGTH FIELD 



TCB COUNT 



EOF Bit 



— As per standard Command Block (see the NOP command for details). 

— Error free completion. 

— Indicates that the command was abnormally terminated due to CU Abort control 
command. If 1, then the command was aborted, and if necessary It should be 
repeated. If this bit is 0, the command was not aborted. 

— Reserved (0 in the 32-bit Segmented and Linear modes). 

— The transmit command: 4h. 

— Late collision. A late collision (a collision after the slot time is elapsed) is detected. 

— No Carrier Sense signal during transmission. Carrier Sense signal is monitored 
from the end of Preamble transmission until the end of the Frame Check Sequence 
for TONOCRS = 1 (Transmit On No Carrier Sense mode) it indicates that transmis- 
sion has been executed despite a lack of CRS. For TONOCRS=0 (Ethernet 
mode), this bit also indicates unsuccessful transmission (transmission stopped 
when lack of Carrier Sense has been detected). 

— Transmission unsuccessful (stopped) due to Loss of CTS. 

— Transmission unsuccessful (stopped) due to DMA Underrun; i.e., the system did 
not supply data for transmission. 

— Transmission Deferred, i.e., transmission was not Immediate due to previous link 
activity. 

— Heartbeat Indicator, Indicates that after a previously performed transmission, and 
before the most recently performed transmission, (Interframe Spacing) the CDT 
signal was monitored as active. This Indicates that the Ethernet Transceiver Colli- 
sion Detect logic is performing properly. The Heartbeat is monitored during the 
Interframe Spacing period. 

— Transmission attempt was stopped because the number of collisions exceeded the 
maximum allowable number of retries. 

— (Reserved). 

— The number of Collisions experienced during this frame. Max Col = plus S5 = 1 
indicates 1 6 collisions. 

— As per standard Command Block (see the NOP Command for details) 

— In the 82586 and 32-bit Segmented modes this is the offset of the first Tx Buffer 
Descriptor containing the data to be transmitted. In the Linear mode this is the 32- 
bit address of the first Tx Buffer Descriptor on the list. If the TBD POINTER is all Is 
it indicates that no TBD is used. 

— Contains the Destination Address of the frame. The least significant bit (MC) indi- 
cates the address type. 

MC = 0: Individual Address. 

MC = 1 : Multicast or Broadcast Address. 

If the Destination Address bits are alt Is this is a Broadcast Address. 

— The contents of this 2-byte field are user defined. In 802.3 it contains the length of 
the data field. It is placed in memory in the same order it is transmitted; i.e., most 
significant byte first, least significant byte second. 

— This 14-bit counter Indicates the number of bytes that will be transmitted from the 
Transmit Command Block, starting from the third byte after the TCB COUNT field 
(address A7+12 in the 32-bit Segmented mode, /V+16 in the Linear mode). The 
TCB COUNT field can be any number of bytes (including an odd byte), this allows 
the user to transmit a frame with a header having an odd number of bytes. The 
TCB COUNT field is not used in the 82586 mode. 

— Indicates that the whole frame is kept in the Transmit Command Block. In the 
Simplified memory model it must be always asserted. 
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The interpretation of what is transmitted depends on the No Source Address insertion configuration bit and the 
memory model being used. 

NOTES: 

1 . The Destination Address and the Length Field are sequential. The Length Field immediately follows the 
most significant byte of the Destination Address. 

2. In case the 82596 is configured with No Source Address insertion bit equal to 0, the 82596 inserts its 
configured Source Address in the transmitted frame. 

• In the 82586 mode, or when the Simplified memory model is used, the Destination and Length fields of the 
transmitted frame are taken from the Transmit Command Block. 

• If the FLEXIBLE memory model is used, the Destination and Length fields of the transmitted frame can be 
found either in the TCB or TBD, depending on the TCB COUNT. 

3. If the 82596 is configured with the Address/ Length Field Location equal to 1, the 82596 does not insert its 
configured Source Address In the transmitted frame. The first (2 x Address Length) + 2 bytes of the 
transmitted frame are interpreted as Destination Address, Source Address, and Length fields respectively. 
The location of the first transmitted byte depends on the operational mode of the 82596: 

• In the 82586 mode, it is always the first byte of the first Tx Buffer. 

• In both the 32-blt Segmented and Linear modes it depends on the SF bit and TCB COUNT: 

— In the Simplified memory mode the first transmitted byte is always the third byte after the TCB COUNT 
field. 

— In the Flexible mode, if the TCB COUNT is greater than then it is the third byte after the TCB COUNT 
field. If TCB COUNT equals then it Is first byte of the first Tx Buffer. 

• Transmit frames shorter than six bytes are invalid. The transmission will be aborted (only in 82586 mode) 
because of a DMA Underrun. 

4. Frames which are aborted during transmission are jammed. Such an interruption of transmission can be 
caused by any reason indicated by any of the status bits 8,9, 10 and 1 2. 




Jamming Rules 

1 . Jamming will not start before completion of preamble transmission. 

2. Collisions detected during transmission of the last 1 1 bits will not result in jamming. 

The format of a Transmit Buffer Descriptor Is: 





31 


ODD WORD 


82586 Mode 

16 15 13 


EVEN WORD 









NEXT TBD OFFSET 


EOF 


X 


SIZE (ACT COUNT) 




4 


x x x 


X X X X X 


TRANSMIT BUFFER ADDRESS 




31 


ODD WORD 


32-Bit Segmented Mode 

16 15 13 


EVEN WORD 









NEXT TBD OFFSET 


EOF 





SIZE (ACT COUNT) 



4 


TRANSMIT BUFFER ADDRESS 




31 


ODD WORD 


Linear Mode 

16 15 13 


EVEN WORD 





















EOF 





SIZE (ACT COUNT) 



4 
8 


NEXTTBD ADDRESS 


TRANSMIT BUFFER ADDRESS 

















Figure 31 
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where: 

EOF — This bit Indicates that this TBD Is the last one associated with the frame being 

transmitted. It Is set by the CPU before transmit. 

SIZE (ACT COUNT) —This 14-blt quantity specifies the number of bytes that hold Information for the 
current buffer. It Is set by the CPU before transmission. 

NEXT TBD ADDRESS — In the 82586 and 32-blt Segmented modes, It Is the offset of the next TBD on the 
list. In the Linear mode this Is the 32-blt address of the next TBD on the list. It Is 
meaningless If EOF = 1 . 

BUFFER ADDRESS — The starting address of. the memory area that contains the data to be sent. In the 
82586 mode, this Is a 24-blt address (A31 -A24 are considered to be zero). In the 
32-blt Segmented and Linear modes this Is a 32-blt address. This buffer can be 
byte aligned for the 82596 B step. 

TDR 

This operation activates Time Domain Reflectomet, which Is a mechanism to detect open or short circuits on 
the link and their distance from the diagnosing station. The TDR command has no parameters. The TDR 
transmit sequence was changed, compared to the 82586, to form a regular transmission. The TDR command 
Is designed to be used statically. Make sure that both the CU and RU are Idle before attempting a TDR 
command. The TDR bit stream Is as follows. 

— Preamble 

— Source address 

— Another Source address (the TDR frame Is transmitted back to the sending station, 
so DEST ADR = SRC ADR). 

— Data field containing 7Eh patterns. 

— Jam Pattern, which Is the Inverse CRC of the transmitted frame. 

Maximum length of the TDR frame Is 2048 bits. If the 82596 senses collision while transmitting the TDR frame 
It transmits the jam pattern and stops the transmission. The 82596 then triggers an internal timer (STC); the 
timer is reset at the beginning of transmission and reset If CRS Is returned. The timer measures the time 
elapsed from the start of transmission until an echo Is returned. The echo is indicated by Collision Detect going 
active or a drop in the Carrier Sense signal. The following table lists the possible cases that the 82596 Is able 
to analyze. 

Conditions of TDR as interpreted by tlie 82596 



Transceiver Type 
Condition 


Ethernet 


Non Ethernet 


Carrier Sense was inactive for 2048-blt-tlme 
periods 


Short or Open on the 
Transceiver Cable 


NA 


Carrier Sense signal dropped 


Short on the Ethernet cable 


NA 


Collision Detect went active 


Open on the Ethernet cable 


Open on the Serial Link 


The Carrier Sense Signal did not drop or the 
Collision Detect did not go active within 
2048-bit time period 


No Problem 


No Problem 



An Ethernet transceiver is defined as one that returns transmitted data on the receive pair and activates the 
Carrier Sense Signal while transmitting. A Non-Ethernet Transceiver is defined as one that does not do so. 
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The format of the Time Domain Reflectometer command is: 



82586 and 32-Bit Segmented Modes 



31 










ODD WORD 


16 15 






EVEN WORD 


EL 


S 


1 


X XXXXXXXXX 


1 1 


C 


B 


OK 


0000000000000 


LNK 
OK 


XVR 
PRB 


ET 
OPN 


ET 
SRT 


X 


TIME 
(11 bits) 


A15 LINK OFFSET AO 



31 



ODD WORD 



Linear i\Mode 

16 15 



EVEN WORD 



EL 


S 


1 


0000000000 


1 1 


c 


B 


OK 


0000000000000 


A31 LINK ADDRESS AO 


0000000000000000 


LNK 
OK 


XVR 
PRB 


ET 
OPN 


ET 
SRT 


X 


TIME 
(11 bits) 




where: 

LINK ADDRESS, 
EL, B, C, I, S 

A 



Bits 19-28 
CMD (Bits 16-18) 
TIME 



LNK OK (Bit 15) 
XCVRPRB(Bit14) 

ET OPN (Bit 13) 

ET SRT (Bit 12) 



Figure 32. TDR 



— As per standard Command Block (see the NOP command for details). 

— Indicates that the command was abnormally terminated due to CU Abort control 
command. If one, then the command was aborted, and if necessary it should be 
repeated. If this bit Is zero, the command was not aborted. 

— Reserved (0 in the 32-blt Segmented and Linear Modes). 

— The TDR command. Value: 5h. 

— An 1 1-bit field that specifies the number of TxC cycles that elapsed before an echo 
was observed. No echo is indicated by a reception consisting of "1s" only. Be- 
cause the network contains various elements such as transceiver links, transceiv- 
ers, Ethernet, repeaters etc., the TIME is not exactly proportional to the problems 
distance. 

— No link problem identified. TIME = 7FFh. 

— Indicates a Transceiver problem. Carrier Sense was inactive for 2048-blt time peri- 
od. LNK OK = 0. TIME = 7FFh. 

— The transmission line is not properly terminated. Collision Detect went active and 
LNK OK = 0. 

— There is a short circuit on the transmission line. Carrier Sense Signal dropped and 
LNK OK = 0. 
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DUMP 

This command causes the contents of various 82596 registers to be placed In a memory area specified by the 
user. It is supplied as a 82596 self-diagnostic tool, ahd to provide registers of interest to the user. The format 
of the DUMP command is: 



82586 and 32-Bit Segmented Modes 



31 






ODD WORD 


16 15 






EVEN WORD 


EL 


S 


1 


XXXXXXXXXX 


1 1 


C 


B 


OK 


00000000000 


A15 BUFFER OFFSET 


AO 


A15 LINK OFFSET AO 



31 



ODD WORD 



Linear i\/lode 

16 15 



EVEN WORD 



EL 


"s 


1 


XXXXXXXXXX 


1 1 





B 


OK 


0000000000000 


A31 LINK ADDRESS AO 


A31 BUFFER ADDRESS AO 



where: 

LINK ADDRESS, 
EL. B. C, I, 8 

OK 

Bits 19-28 

CMD (Bits 16-18) 

BUFFER POINTER 



Figure 33. Dump 



— As per standard Command Block (see the NOP command for details). 

— Indicates error free completion. 

— Reserved (0 in the 32-bit Segmented and Linear Modes). 

— The Dump command. Value: 6h. 

— In the 82586 and 32-bit Segmented modes this is the 1 6-bit-offset portion of the 
dump area address. In the Linear mode this is the 32-bit linear address of the dump 
area. 



Dump Area information Format 

• The 82596 is not Dump compatible with the 82586 because of the 32-bit internal architecture. In 82586 
mode the 82596 will dump the same number of bytes as the 82586. The compatible data will be marked 
with an asterisk. 

• In 82586 mode the dump area is 170 bytes. 

• The DUMP area format of the 32-bit Segmented and Linear modes is described in Figure 35. 

• The size of the dump area of the 32-bit Segmented and Linear modes is 304 bytes. 

• When the Dump is executed by the Port command an extra word will be appended to the Dump Area. The 
extra word is a copy of the Dump Area status word (containing the 0, B, and OK Bits). The C and OK Bits 
are set when the 82596 has completed the Port Dump command. 
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 


00 
02 
04 
06 
08 
OA 
OC 
OE 
10 
12 
14 
16 
18 
1A 
1C 
IE 
20 
22 
24 
26 
28 
2A 
2C 
2E 
30 

6A 
6C 
6E 

7A 
7C 

82 
84 
86 
88 
8A 
8C 
8E 
90 
92 
94 
96 
98 
9A 
9C 
9E 
AO 
A2 
A4 
A6 
A8 


*The 82596 is not Dump compatible with 
the 82586 because of the 32-bit internal ar- 
chitecture. In 82586 mode the 82596 will 
dump the same number of bytes as the 
82586. 

**These bytes are not user defined, results 
may vary from Dump command to Dump 
command. 




DMA CONTROL REGISTER 


CONFIGURE BYTES* 3, 2 


CONFIGURE BYTES* 5, 4 


CONFIGURE BYTES* 7, 6 


CONFIGURE BYTES* 9, 8 


CONFIGURE BYTES* 10 


I.A. BYTES 1,0* 


LA. BYTES 3, 2* 


LA, BYTES 5. 4* 


LAST T.X. STATUS* 


T.X.CRC BYTES 1,0* 


T.X. CRC BYTES 3. 2* 


R.X.CRC BYTES 1,0* 


R.X. CRC BYTES 3. 2* 


R.X. TEMP MEMORY 1,0* 


R.X. TEMP MEMORY 3, 2* 


R.X. TEMP MEMORY 5, 4* 


LAST RECEIVED STATUS* 


HASH REGISTER BYTES 1,0* 


HASH REGISTER BYTES 3. 2* 


HASH REGISTER BYTES 5, 4* 


HASH REGISTER BYTES 7, 6* 


SLOT TIME COUNTER* 


WAIT TIME COUNTER* 


MICRO MACHINE** 

REGISTER FILE 

60 BYTES 


MICRO MACHINE LFSR** 


MICRO MACHINE** 

FLAG ARRAY 

14 BYTES 


QUEUE MEMORY** 

CM PORT 
8 BYTES 


MICRO MACHINE ALU** 


RESERVED** 


M.M. TEMP A ROTATE R** 


M.M.TEMPA** 


T.X. DMA BYTE COUNT** 


M.M. INPUT PORT ADDRESS** 


T.X. DMA ADDRESS 


M.M. OUTPUT PORT** 


R.X. DMA BYTE COUNT** 


M.M. OUTPUT PORT ADDRESS REGISTER** 


R. DMA ADDRESS** 


RESERVED** 


BUS THROTTLE TIMERS 


DIU CONTROL REGISTER** 


RESERVED** 


DMA CONTROL REGISTER** 


BlU CONTROL REGISTER** 


M.M. DISPATCHER REG.** 


M.M. STATUS REGISTER** 









Figure 34. Dump Area Format— 82586 Mode 
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31 ' 


00 
04 
08 
OC 
10 
14 
18 
1C 
20 
24 
28 
20 
30 
34 

BO 
B4 
B8 

DO 
D4 

EO 

E4 

E8 

EC 

FO 

F4 

F8 

FC 

100 

104 

108 

IOC 

110 

114 

118 

lie 

120 
124 
128 
120 


The 82596 is not Dump compatible with the 
82586 because of the 32-bit internal archi- 
tecture. In 82586 mode the 82596 will dump 
the same number of bytes as the 82586. 
**These bytes are not user defined, results 
may vary from Dump command to Dump 
command. 




• CONFIGURE BYTES 5, 4, 3, 2 


CONfIgURE bytes 9. 8, 7, 6 


CONFIGURE BYTES 13, 12. 11, 10 


lA BYTES 1,0 XXXXXXXX 


I.A. BYTES 5, 2 


TX CRC BYTES 0, 1 


LAST T.X. STATUS 


RX CRC BYTES 0, 1 


TX CRC BYTES 3, 2 


RX TEMP MEMORY 1,0 


RX CRC BYTES 3. 2 


R.X. TEMP MEMORY 5, 2 


HASH REGISTERS 1 , LAST R.X. STATUS 


HASH REGISTER BYTES 5, 2 


SLOT TIME COUNTER 


HASH REGISTERS 7, 6 


RECEIVE FRAME LENGTH 


WAIT-TIME COUNTER 


MICRO MACHINE** 

REGISTER FILE 

128 BYTES 


MICRO MACHINE LFSR** 


MICRO MACHINE** 

FLAG ARRAY 

28 BYTES 


M.M. INPUT PORT** 
16 BYTES 


MICRO MACHINE ALU** 


RESERVED** 


M.M. TEMP A ROTATE R.** 


M.M. TEMP A** 


T.X. DMA BYTE COUNT** 


M.M. INPUT PORT ADDRESS REGISTER** 


T.X. DMA ADDRESS** 


M.M. OUTPUT PORT REGISTER** 


R.X. DMA BYTE COUNT** 


M.M. OUTPUT PORT ADDRESS REGISTER** 


R.X. DI^A ADDRESS REGISTER** 


RESERVED** 


BUS THROTTLE TIMERS 


DIU CONTROL REGISTER** 


RESERVED** 


DMA CONTROL REGISTER** 


BlU CONTROL REGISTER** 


M.M. DISPATCHER REG.** 


M.M. STATUS REGISTER** 







Figure 35. Dump Area Format— Linear and 32-Btt Segmented iViode 
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Diagnose 

The Diagnose Command triggers an internal self-test procedure that checks internal 82596 hardware, which 
Includes: 

• Exponential Backoff Random Number Generator (Linear Feedback Shift Register). 

• Exponential Backoff Timeout Counter. 

• Slot Time Period Counter. 

• Collision Number Counter. 

• Exponential Backoff Shift Register. 

• Exponential Backoff Mask Logic. 

• Timer Trigger Logic. 

This procedure checks the operation of the Backoff block, which resides in the serial side and is not easily 
controlled. The Diagnose command is performed in two phases. 

The format of the 82596 Diagnose command is: 





82586 and 32-Bit Segmented Modes 

31 ODD WORD 16 15 EVEN WORD 




EL 


S 


1 


xxxxxxxxxx 


1 1 1 


c 


B 


OK 





F 


00000000000 


xxxxxxxxxxxxxxxx 


A15 LINK OFFSET AO 




Linear Mode 

31 ODD WORD 16 15 EVEN WORD 




EL 


S 


1 


0000000000 


1 1 1 


C 


B 


OK 





F 


00000000000 


A31 LINK ADDRESS AO 








where: 

LINK ADDRESS, 
EL, B, C, I, S 

Bits 19-28 

CMD (bits 16-18) 

OK (bit 13) 

F (bit 11) 



Figure 36. Diagnose 

— As per standard Command Block (see the NOP command for details). 

— Reserved (0 in the 32-bit Segmented and Linear Modes). 

— The Diagnose command. Value: 7h. 

— Indicates error free completion. 

— Indicates that the self-test procedure has failed. 
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RECEIVE FRAME DESCRIPTOR 

Each received frame Is described by one Receive Frame Descriptor (see Figure 37). Two new memory 
structures are available for the received frames. The structures are available only in the Linear and 32-blt 
Segmented modes. 

Simplified Memory Structure 

The first is the Simplified memory structure, the data section of the received frame Is part of the RFD and is 
located immediately after the Length Field. Receive Buffer Descriptors are not used with the Simplified struc- 
ture, it is primarily used to make programming easier. If the length of the data area described In the Size Field 
Is smaller than the incoming frame, the following happens. 

1 . The received frame is truncated. 

2. The No Resource error counter is updated. 

3. If the 82596 Is configured to Save Bad Frames the RFD is not reused; othenA^ise, the same RFD is used to 
hold the next received frame, and the only action taken regarding the truncated frame Is to update the 
counter. 

4. The 82596 continues to receive the next frame In the next RFD. 



RFA 
POINTER 



TO 

COMMAND RECEIVE 

BLOCK FRAME 

LIST DESCRIPTOI^S 



RECEIVE 

BUFFER 

DESCRIPTORS 



RECEIVE 
BUFFERS 



• RECEIVE FRAME AREA 



VALID 
PARAMETERS 



2_r 



VALID 
DATA 



1 1 ACT-cnt 




1 














VALID 
DATA 





BUFFER 1 BUFFER 2 
< RECEIVE FRAME LIST ► 




290218-15 



Figure 37. The Receive Frame Area 
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Note that this sequence is very useful for monitoring. If the 82596 is configured to Save Bad Frames, to 
receive in Promiscuous mode, and to use the Simplified memory structure, any programmed length of received 
data can be saved in memory. 

The Simplified memory structure Is shown in Figure 38. 





SCB 


























STATUS 


_r 


■► TO COMMAND LIST 


CBL 
POINTER 




RECEIVE FRAME AREA 


^ 




1 


RFA 
POINTER 




FD1 


1 


FD2 




FD3 




FD4 




' 


STATUS 






STATUS 




STATUS 




STATUS 


r-N 


STATISTICS 


























I THROTTLE j 

RECEIVE 

FRAME 

DESCRIPTORS 












VARIABLE 
DATA 
FIELD 


EMPTY 1 


EMPTY 1 
REE FRAME LIS 


EMPTY 1 


\i 


- RECEIVE FRA 


ME LIST - 


1 


1 








1 


290218-16 




Figure 38. RFA Simplified l\/lemory Structure 

Flexible Memory Structure 

The second structure is the Flexible memory structure, the data structure of the received frame is stored In 
both the RFD and in a linked list of Receive Buffers — Receive Buffer Descriptors. The received frame is placed 
in the RFD as configured in the Size field. Any remaining data Is placed in a linked list of RBDs. 

The Flexible memory structure is shown in Figure 39. 
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CBL 
POINTER 



RFA 
POINTER 



TO COMMAND LIST 
•^ 



• RECEIVE FRAME AREA 

FD2 FD3 



; BUS ' 

[ THROTTLE [ 

ti_i — - — — ■■■. di 

RECEIVE 

FRAME 

DESCRIPTORS 



CONTROL 
FIELD 



VARIABLE 
DATA 
FIELD 



RECEIVE 

BUFFER 

DESCRIPTORS 



RECEIVE 
BUFFERS 



-r 



VALID 
DATA 



BUFFER 1 BUFFER 2 

— RECEIVE FRAME LIST ' ► ' 




Figure 39. RFA Flexible Memory Structure 

Buffers on the receive side can be different lengths. The 82596 will not place more bytes into a buffer than 
indicated in the associated RBD. The 82596 will fetch the next RBD before it is needed. The 82596 will 
attempt to receive frames as long as the FBL is not exhausted. If there are no more buffers, the 82596 
Receive Unit will enter the No Resources state. Before starting the RU, the CPU must place the FBL pointer in 
the RBD pointer field of the first RFD. All remaining RBD pointer fields for subsequent RFDs should be "1s." If 
the Receive Frame Descriptor and the associated Receive Buffers are not reused (e.g., the frame is properly 
received or the 82596 is configured to Save Bad Frames), the 82596 writes the address of the next free RBD 
to the RBD pointer field of the next RFD. 

Receive Buffer Descriptor (RBD) 

The RBDs are used to store received data in a flexible set of linked buffers. The portion of the frame's data 
field that is outside the RFD is placed In a set of buffers chained by a sequence of RBDs. The RFD points to 
the first RBD, and the last RBD is flagged with an EOF bit set to 1 . Each buffer in the linked list of buffers 
related to a particular frame can be any size up to 2^4 bytes but must be word aligned (begin on an even 
numbered byte). This ensures optimum use of the memory resources while maintaining low overhead. All 
buffers in a frame are filled with the received data except for the last, in which the actual count can be smaller 
than the allocated buffer space. 
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31 ODD WORD 16 15 EVEN WORD 







EL 


s 


xxxxxxxxxxxxxx 


c 


B 


OK 





STATUS BITS 







4 

8 

12 

16 

20 


A15 RBD OFFSET AO 


A15 LINK OFFSET 


AO 


4th byte 


DESTINATION ADDRESS 


1st byte 


SOURCE ADDRESS 1 st byte 


6th byte 


6th byte 


4th byte 


XXXXXXXXXXXXXXXX 


LENGTH FIELD 









Figure 40. Receive Frame Descriptor— ^2586 l\/lode 
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OPTIONAL DATA AREA 






Figure 41. Receive Frame Descriptor»32-Bit Segmented hiiode 
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Figure 42. Receive Frame Descriptor— Linear i\/lode 
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where: 
EL 
S 
SF 



C 

B 



OK (bit 13) 



STATUS 




LINK ADDRESS 

RBD POINTER 

EOF 
F 

SIZE 

ACT COUNT 

MC 

DESTINATION 
ADDRESS 

SOURCE ADDRESS 
LENGTH FIELD 



• When set, this bit Indicates that this RFD is the last one on the RDL. 

• When set, this bit suspends the RU after receiving the frame. 
- This bit selects between the Simplified or the Flexible mode. 

~ Simplified mode, all the RX data is in the RFD. RBD ADDRESS field Is all 

"1s." 

1 — Flexible mode. Data is in the RFD and in a linked list of Receive Buffer De- 

scriptors. 

• This bit indicates the completion of frame reception. It is set by the 82596. 

• This bit indicates that the 82596 is currently receiving this frame, or that the 82696 
is ready to receive the frame. It is initially set to by the CPU. The 82596 sets it to 
1 when reception set up begins, and to upon completion. The C and B bits are 
set during the same operation. 

■ Frame received successfully, without errors. RFDs with bit 13 equal to are possi- 
ble only if the save bad frames, configuration option is selected. Othenvise all 
frames with errors will be discarded, although statistics will be collected on them. 

■ The results of the Receive operation. Defined bits are. 
Bit 12: 
Bit 11: 
Bit 10: 
Bit 9: 
Bit 8; 
Bit 7; 
Bit 6: 
Bit 5; 



Bits 2- 
Bitl: 



BitO: 



Length error if configured to check length 

CRC error in an aligned frame 

Alignment error (CRC error in misaligned frame) 

Ran out of buffer space— no resources 

DMA Overrun failure to acquire the system bus. 

Frame too short. 

No EOP flag (for Bit stuffing only) 

When the SF bit equals zero, and the 82596 is configured to save bad 
frames, this bit signals that the receive frame was truncated. Othen^/ise it 
is zero. 

Zeros 

When it is zero, the destination address of the received frame matches 
the lA address. When it is a 1 , the destination address of the received 
frame did not match the individual address. For example, a multicast 
address or broadcast address will set this bit to a 1. 

Receive collision. A collision is detected during reception and the colli- 
sion occurred after the destination address was received. 

• A 1 6-bit offset (32-bit address in the Linear mode) to the next Receive Frame 
Descriptor. The Link Address of the last frame can be used to form a cyclical list. 

■ The offset (address in the Linear mode) 6f the first RBD containing the received 
frame data. An RBD pointer of all ones indicates no RBD. 

■ These fields are for the Simplified and Flexible memory models. They are exactly 
the same as the respective fields in the Receive Buffer Descriptor. See the next 
section for detailed explanation of their functions. 

• Multicast bit 

• The contents of the destination address of the receive frame. The field is to 6 
bytes long. 

■ The contents of the Source Address field of the received frame. It is to 6 bytes 
long. 

" The contents of this 2-byte field are user defined. In 802.3 it contains the length of 
the data field. It is placed in memory in the same order It is received, i.e., most 
significant byte first, least significant byte second. 
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NOTES 

1 . The Destination address, Source address and Length fields are packed, i.e., one field immediately follows 
the next. 

2. The affect of Address/ Length Location (No Source Address Insertion) configuration parameter while re- 
ceiving is as follows: 

— 82586 Mode: The Destination address. Source address and Length field are not used, they are placed in 
the RX data buffers. 

— 32-Bit Segmented and Linear Modes: when the Simplified memory model is used, the Destination address, 
Source address and Length fields reside in their respective fields in the RFD. When the Flexible memory 
strucrture is used the Destination address, Source address, and Length field locations depend on the SIZE 
field of the RFD. They can be placed in the RFD, In the R)( data buffers, or partially in the RFD and the rest 
in the RX data buffers, depending on the SIZE field value. 



31 ODD WORD 


82586 Mode 

16 15 


EVEN WORD 





A16 NEXT RBD OFFSET 


AOEOF 


F 


ACTUAL COUNT 


XXXXXXXX 


A23 


RECEIVE BUFFER ADDRESS 


AO 


xxxxxxxxxxxxx 


XXX 


EL 


X 


SI2E 



31 


ODD WORD 


32-Bit Segmented Mode 

16 15 


EVEN WORD 





A15 


NEXT RBD OFFSET 


AO 


EOF 


F 


ACTUAL COUNT 


A31 . 




RECEIVE BUFFER ADDRESS 




AO 





0000000( 


3 


EL 


P 


SIZE 



Linear Mode 

31 ODD WORD 16 15 


\ 


EVEN WORD 





0000000000000000 


EOF 


F 


ACTUAL COUNT 


A31 NEXT RBD ADDRESS 




AO 


A31 RECEIVE BUFFER ADDRESS 




AO 


0000000000000000 


EL 


P 


SIZE 




Figure 43. Receive Buffer Descriptor 
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where: 
EOF 



ACT COUNT 

NEXT BD ADDRESS 
BUFFER ADDRESS 

EL 
P 



Intel 



SIZE 



- Indicates that this is the last buffer related to the frame. It is cleared by the CPU 
before starting the RU, and is written by the 82596 at the end of reception of the 
frame. 

- Indicates that this buffer has already been used. The Actual Count has no meaning 
unless the F bit equals one. This bit is cleared by the CPU before starting the RU, 
and is set by the 82596 after the associated buffer has been. This bit has the same 
meaning as the Complete bit in the RFD and CB. 

-This 14-bit quantity indicates the number of meaningful bytes in the buffer. It is 
cleared by the CPU before starting the RU, and is written by the 82596 after the 
associated buffer has already been used. In general, after the buffer is full, the 
Actual Count value equals the size field of the same buffer. For the last buffer of 
the frame. Actual Count can be less than the buffer size. 

■ The offset (absolute address in the Linear mode) of the next RBD on the list. It is 
meaningless if EL= 1 . 

- The starting address of the memory area that contains the received data. In the 
82586 mode, this is a 24-bit address (with pins A24-A31 =0). In the 32-bit Seg- 
mented and Linear modes this is a 32^bit address. 

- Indicates that the buffer associated with this RBD is last in the FBL. 

■ This bit indicates that the 82596 has already prefetched the RBDs and any change 
in the RBD data will be ignored. This bit is valid only In the new 82596 memory 
modes, and if this feature has been enabled during configure command. The 
82596 Prefetches the RBDs in locked cycles; after prefetching the RBD the 82596 
performs a write cycle where the P bit is set to one and the rest of the data remains 
unchanged. The CPU is responsible for resetting it in all RBDs. The 82596 will not 
check this bit before setting it. 

- This 1 4-bit quantity indicates the size, in bytes, of the associated buffer. This quan- 
tity must be an even number. 
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PGA PACKAGE THERMAL 
SPECIFICATION 


Parameter 


Thermal Resistance 


^JC 


S'^C/W 


^JA 


24"C/W 



ELECTRICAL AND TIMING 
CHARACTERISTICS 



82596CA 



NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 



* WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex- 
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 



Absolute Maximum Ratings 

• storage Temperature -65**C to + 150°C 

• Case Temperature under Bias -SS^'Cto +110**C 

• Supply Voltage 

with Respect to Vss -0.5V to + 6.5V 

• Voltage on Other Pins — -0.5V to Vqc + 0.5V 




DC Characteristics 



Tc = 0°C-85°C, Vcc = 5V ±10% LE/BE have MOS levels (see Vmil. V^ih)- 
All other signals have TTL levels (see V|l, V|h, Vqu Vqh)- 




Symbol 


Parameter 


Min 


Max 


Units 


Notes 


V|L 


Input Low Voltage (TTL) 


-0.3 


+ 0.8 


V 




V|H 


Input High Voltage (TTL) 


2.0 


Vcc + 0.3 


V 




Vmil 


Input Low Voltage (MOS) 


-0.3 


+ 0.8 


V 




Vmih 


Input High Voltage (MOS) 


3.7 


Vcc + 0.3 


V 




Vol 


Output Low Voltage (TTL) 




0.45 


V 


Iql = 4.0 mA 


VCIL 


RXC, TXC Input Low Voltage 


-0.5 


0.6 


V 




VCIH 


RXC.TXC Input High Voltage 


3.3 


Vcc + 0.5 


V 




VOH 


Output High Voltage (TTL) 


2.4 




V 


Iqh = 0.9mA~1 rtiA 


Ili 


Input Leakage Current 




±15 


,xA 


^ V,N ^ Vcc 


Ilo 


Output Leakage Current 




±15 


^A 


0.45 < VouT < Vcc 


C|N 


Capacitance of Input Buffer 




10 


PF 


FC = 1 MHz 


COUT 


Capacitance of Input/Output 
Buffer 




12 


PF 


FC= 1MHz 


CCLK 


CLK Capacitance 




20 


pF 


F^C = 1 MHz 


Ice 


Power Supply 




200 


mA 


At 25 MHz 

Ice Typical = 100 mA 


Ice 


Power Supply 




300 


mA 


At 33 MHz 

Ice Typical = 1 50 mA 
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AC Characteristics 

82596CA C-STEP INPUT/OUTPUT SYSTEM TIMINGS 

Tc = 0''C- + 85°C, Vcc = 6V ±10%. These timing assume tiie Cl on all outputs is 50 pF unless othenvise 
specified. Cl can be 20 pF to 120 pF however timings must be derated. All timing requirements are given in 
nanoseconds. 



Symbol 


Parameter 


16 MHz 


Notes 


MIn 


Max 




Operating Frequency 


12.5 MHz 


16 MHz 


IX CLK Input 


11 


CLK Period 


62.5 


80 




Tia 


CLK Period Stability 




0.1% 


Adjacent CLK A 


T2 


CLK High 


20 




2.0V 


T3 


CLK Low 


20 




0.8V 


T4 


CLK Rise Time 




8 


0.8V to 2.0V 


T6 


CLK Fall Time 




8 


2.0V to 0.8V 


T8 


BEn, LOCK, and A2-A31 Valid Delay 


3 


23 




T6a 


BLAST, PCHK Valid Delay 


3 


32 




17 


BEn, LOCK. BLAST, A2-A31 Float Delay 


3 


39 




T8 


W/R and ADS Valid Delay 


3 


23 




T9 


W/R and ADS Float Delay 


3 


39 




T10 


D0-D31 . DPn Write Data Valid Delay^ 


3 


27 




Til 


D0-D31 , DPn Write Data Float Delay 


3 


39 




T12 


HOLD Valid Delay 


2 


30 




T13 


CA and BREQ Setup Time 


11 




1,2 


T14 


CA and BREQ Hold Time 


6 




1.2 


T15 


BS1 6 Setup Time 


12 




2 


T16 


BS1 6 Hold Time 


5 




2 


T17 


BRDY.RDY Setup Time 


12 




2 


T18 


BRDY,RDY Hold Time 


5 




2 


T19 


D0-D31 , DPn READ Setup Time 


10 




2 


T20 


D0-D31 , DPn READ Hold Time 


6 




2 


T21 


AHOLD and HLDA Setup Time 


15 




1,2 


T22 


AHOLD Hold Time 


5 




1.2 


T22a 


HLDA Hold Time 


5 




1,2 


T23 


RESET Setup Time 


14 




1,2 


T24 


RESET Hold Time 


5 




1,2 


T25 


INT/INT Valid Delay 


1 


23 




T26 


CA and BREQ, PORT Pulse Width 


2T1 




1,2,3 


T27 


D0-D31 CPU PORT Access Setup Time 


"'O 




2 


T28 


D0-D31 CPU PORT Access Hold Time 


6 




2 


T29 


PORT Setup Time 


11 




2 


T30 


PORT Hold Time 


5 




2 


T31 


BOFF Setup Time 


12 




2 


T32 


BOFF Hold Time 


5 




2 



•Timings shown are for the 82596CA C-Stepping. For information regarding timings for the 82596CA A1 or B-Step, contact 
your local Intel representative. 
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AC Characteristics (Continued) 

82596CA C-STEP INPUT/OUTPUT SYSTEM TIMINGS 

Tc = O^C- + 85*C, Vcc = 5V ±10%. These timing assume the Cl on all outputs is 50 pF unless othen«^ise 
specified. C^ can be 20 pF to 1 20 pF however timings must be derated. All timing requirements are given in 
nanoseconds. 



Symbol 


Parameter 


20 MHz 


Notes 


MIn 


Max 




Operating Frequency 


12.5 MHz 


20 MHz 


1X CLK Input 


T1 


CLK Period 


50 


BO 




T1a 


CLK Period Stability 




0.1% 


Adjacent CLK A 


12 


CLK High 


16 




2.0V 


13 


CLK Low 


16 




O.BV 


T4 


CLK Rise Time 




6 


0.8V to 2.0V 


T5 


CLK Fall Time 




6 


2.0V to O.BV 


T6 


BEn, LOCK, and A2-A31 Valid Delay 


3 


20 




T6a 


BLAST, PCHK Valid Delay 


3 


25 




T7 


BEn, LOCK, BLAST, A2-A31 Float Delay 


3 


34 




IB 


W/R and ADS Valid Delay 


3 


20 




T9 


W/R and ADS Float Delay 


3 


34 




no 


D0-D31 , DPn Write Data Valid Delay 


3 


23 




111 


D0-D31 . DPn Write Data Float Delay 


3 


34 




11 2 


HOLD Valid Delay 


2 


25 




T13 


CA and BREQ Setup Time 


10 




1,2 


T14 


CA and BREQ Hold Time 


6 




1,2 


115 


BS1 6 Setup Time 


12 




2 


T16 


BS16 Hold Time 


4 




2 


11 7 


BRDY,RDY Setup Time 


12 




2 


TIB 


BRDY,RDY Hold Time 


4 




2 


T19 


D0-D31 , DPn READ Setup Time 


6 




2 


T20 


D0-D31, DPn READ Hold Time 


5 




2 


T21 


AHOLD and HLDA Setup Time 


15 




1,2 


T22 


AHOLD Hold Time 


4 




1,2 


T22a 


HLDA Hold Time 


5 




1.2 


T23 


RESET Setup Time 


12 




1,2 


T24 


RESET Hold Time 


4 




1,2 


T25 


INT/INT Valid Delay 


1 


23 




T26 


CA and BREQ, PORT Pulse Width 


2T1 




1,2,3 


T27 


D0-D31 CPU PORT Access Setup Time 


6 




2 


T2B 


D0-D31 CPU PORT Access Hold Time 


5 




2 


T29 


PORT Setup Time 


10 




2 


T30 


PORT Hold Time 


5 




2 


T31 


BOFF Setup Time 


12 




2 


T32 


BOFF Hold Time 


4 




2 



*Timings shown are for the 82596CA C-Stepping. For information regarding timings for the 82596CA A1 or B-Step, contact 
your local Intel representative. 
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AC Characteristics (Continued) 

82596CA C-STEP INPUT/OUTPUT SYSTEM TIMINGS 

Tc = 0°C- + 85*'C, Vcc = 5V ±10%. These timing assume tiie Cl on all outputs is 50 pF unless othenvise 
specified. Cl can be 20 pF to 1 20 pF however timings must be derated. All timing requirements are given in 
nanoseconds. 



Symbol 


Parameter 


25 MHz 


Notes 


Min 


Max 




Operating Frequency 


12.5 MHz 


25 MHz 


IX CLK Input 


T1 


CLK Period 


40 


80 




T1a 


CLK Period Stability 




0.1% 


Adjacent CLK A 


T2 


CLK High ^ 


14 




2.0V 


T3 


CLK Low 


14 




0.8V 


T4 


CLK Rise Time 




4 


0.8V to 2.0V 


T5 


CLK Fall Time 




4 


2.0V to 0.8V 


T6 


BEn Valid Delay 


3 


17 




T6a 


BLAST Valid Delay 


3 


20 




T6b 


LOCK Valid Delay 


3 


18 




T6c 


A2-A31 Valid Delay 


3 


18 




T6d 


PCHK Valid Delay. 


3 


24 




T7 


BEn. LOCK, BLAST, A2~A31 Float Delay 


3 


30 




T8 


W/R and ADS Valid Delay 


3 


19 




T9 


W/R and ADS Float Delay 


3 


30 




T10 


D0-D31 , DPn Write Data Valid Delay 


3 


20 




T11 


D0-D31 , DPn Write Data Float Delay 


3 


30 




T12 


HOLD Valid Delay 


3 


19 




T13 


CA and BREQ Setup Time 


7 




1.2 


T14 


CA and BREQ Hold Time 


3 




1.2 


T15 


BS1 6 Setup Time 


8 




2 


T16 


BS1 6 Hold Time 


3 




2 


T17 


BRDY Setup Time 


9 




2 


T17a 


RDY Setup Time 


8 




2 


T18 


BRDY, RDY Hold Time 


3 




2 


T19 


D0-D31 , DPn READ Setup Time 


6 




2 


T20 


D0-D31, DPn READ Hold Time 


4.5 




2 


121 


AHOLD and HLDA Setup Time 


10 




1,2 


T22 


AHOLD Hold Time 


3 




1,2 


T22a 


HLDA Hold Time 


3 




1.2 


T23 


RESET Setup Time 


10 




1.2 


T24 


RESET Hold Time 


3 




1,2 


T25 


INT/InT Valid Delay 


1 


20 





*Timings shown are for the 82596CA C-Stepping. For information regarding timings for the 82596CA A1 or B-Step, contact 
your local Intel representative. 
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AC Characteristics (Continued) 

82596CA C-STEP INPUT/OUTpUT SYSTEM TIMINGS 

Tc = 0*C- + 85''C, Vcc = 5V ±10%. These timing assume the Cl on ail outputs is 50 pF unless othen^fise 
specified. Cl can be 20 pF to 1 20 pF however timings must be derated. All timing requirements are given in 
nanoseconds. 



Symbol 


Parameter 


25 MHz 


Notes 


Min 


Max 


T26 


CA and BREQ, PORT Pulse Width 


2T1 




1,2,3 


T27 


D0-D31 CPU PORT Access Setup Time 


6 




2 


T28 


D0-D31 CPU PORT Access Hold Time 


4.5 




2 


T29 


PORT setup Time 


7 




2 


T30 


PORT Hold Time 


3 




2 


T31 


BOFF Setup Time 


10 




2 


. T32 


BOFF Hold Time 


3 




2 




•Timings shown are for the 82596CA C-Stepplng. For information regarding timings for the 82596GA A1 or B-Step, contact 
your local Intel representative. 
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AC Characteristics (Continued) 

82596CA C-STEP tNPUT/OUTPUT SYSTEM TIMINGS 

Tc == O^'C to +85'*C, Vcc = 5V ±5%. These timing assume tlie Cl on all outputs is 50 pF unless othenA^ise 
specified. Cl can be 20 pF to 120 pF, however timings must be derated. All timing requirements are given in 
nanoseconds. 



Symbol 


Parameter 


33 MHz 


Notes 


MIn 


Max 




Operating Frequency 


12.6 MHz 


33 MHz 


IX CLK Input 


T1 


CLK Period 


30 


80 




T1a 


CLK Period Stability 




0.1% 


Adjacent CLK A 


T2 


CLK High 


11 




2.0V 


T3 


CLK Low 


11 




0.8V 


T4 


CLK Rise Time 




3 


0.8V to 2.0V 


T5 


CLK Fall Time 




3 


2.0V to 0.8V 


T6 


BEn Valid Delay 


3 


17 




T6a 


BLAST Valid Delay 


3 


20 




T6b 


LOCK Valid Delay 


3 


16 




T6c 


A2-A31 Valid Delay 


3 


18 




T6d 


PCHK Valid Delay 


3 


23 




17 


BEn, LOCK. BLAST. A2-A31 Float Delay 


3 


20 




T8 


W/R and ADS Valid Delay 


3 , 


16 




T9 


W/R and ADS Float Delay 


3 


20 




T10 


D0-D31 , DPn Write Data Valid Delay 


3 


19 




T11 


D0-D31 . DPn Write Data Float Delay 


3 


20 




T12 


HOLD Valid Delay 


3 


19 




T13 


CA and BREQ Setup Time 


7 




1.2 


T14 


CA and BREQ Hold Time 


3 




1.2 


T15 


BS16 Setup Time 


7 




2 


T16 


BS16 Hold Time 


3 




2 


11 7 


BRDY Setup Time 


9 




2 


T17a 


RDY Setup Time 


8 




2 


11 8 


BRDY, RDY Hold Time 


3 




2 


T19 


D0-D31 , DPn READ Setup Time 


6 




2 


T20 


D0-D3t. DPn READ Hold Time 


4.5 




2 


T21 


AHOLD Setup Time 


10 




1.2 


121 a 


HLDA Setup Time 


8 




1.2 


T22 


AHOLD Hold Time 


3 




1.2 



♦Timings shown are for the 82596CA C-Stepping. For information regarding timings for the 82596CA A1 or B-Step, contact 
your local Intel representative. 
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AC Characteristics (Continued) 

82596CA C-STEP INPUT/OUTPUT SYSTEM TIMINGS 

Cl on all outputs Is 50 pF unless othen^^ise specified. 
All timing requirements are given in nanoseconds. 



Symbol 


Parameter 


33 MHz 


Notes 


MIn 


Max 


T22a 


HLDA Hold Time 


3 




1,2 


T23 


RESET Setup Time 


9 




1,2 


124 


RESET Hold Time 


3 




1,2 


125 


INT/INT Valid Delay 


1 


20 




126 


CA and BREQ, PORT Pulse Width 


2T1 




1,2,3 


T27 


D0-D31 CPU POrT Access Setup Time 


6 




2 


T28 


D0-D31 CPU PORT Access Hold Time 


4.5 




2 


T29 


PORT Setup Time 


7 




2 


T30 


PORT Hold Time 


3 




2 


T31 


BOFF Setup Time 


10 




2 


T32 


BOFF Hold Time 


3 




2 




NOTES: 

♦Timings shown are for the 82596CA C-stepping. For information regarding timings for the 82596CA A1 or B-step, contact 
your local Intel representative. 

1 . RESET, HLDA, and CA are internally synchronized. This timing is to guarantee recognition at next clock for RESET, HLDA 
dnd CA. 

2. All set-up, hold and delay timings are at maximum frequency specification Fmax, and must be derated according to the 
following equation for operation at lower frequencies: 

Tderated = (Fmax/Fopr) x T 

where: 

Tderate .= Specifies the value to derate the specification. 

Fmax = Maximum operating frequency. 

Fopr = Actual operating frequency. 

T = Specification at maximum frequency. 

This calculation only provides a rough estimate for derating the frequency. For more detailed information, contact your 

Intel Sales Office for the data sheet supplement. 

3. CA pulse width need only be 1 T1 wide if the set up and hold times are met; BREQ must meet setup and hold times and 
need only be 1 T1 wide. 

TRANSMIT/RECEIVE CLOCK PARAMETERS 



Symbol 


Parameter 


20 MHz 


Notes 


Min 


Max 


T36 


TxC Cycle 


50 




1,3 


T38 


TxC Rise Time 




5 


1 


T39 


TxC Fall Time 




5 


1 


T40 


TxC High Time 


19 




1,3 


T41 


TxC Low Time 


18 


f 


1,3 


T42 


TxD Rise Time 




10 


4 


T43 


TxD Fall Time 




10 


4 


T44 


TxD Transition 


20 




2,4 


T45 


TxC Low to TxD Valid 




25 


4,6 


T46 


TxC Low to TxD Transition 




25 


2,4 


T47 


TxC High to TxD Transition 




25 


2.4 


T48 


TxC Low to TxD High (At End of Transition) 




25 


4 
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TRANSMIT/RECEIVE CLOCK PARAMETERS (Continued) 



Intel 



Symbol 


Parameter 


20 MHz 


Notes 


Min 


Max 


RTS AND CTS PARAMETERS 


T49 


TxC Low to RTS Low, 
Time to Activate RTS 




25 


5 


T50 


CTS Low to TxC Low, CTS Setup Time 




20 




T51 


TxC Low to CTS Invalid, CTS Hold Time 


10 




7 


T52 


TxC Low to RTS High 




25 


5 


RECEIVE CLOCK PARAMETERS 


T53 


RXC Cycle 


50 




1.3 


T54 


RXC Rise Time 




5 


1 


T55 


RXC Fall Time 




5 


1 


T56 


RXC High Time 


19 




1 


T57 


RXC Low Time 


18 




1 


RECEIVED DATA PARAMETERS 


158 


RXD Setup Time 


20 




6 


T59 


RXD Hold Time 


10 




6 


T60 


RXD Rise Time 




10 




T61 


RXD Fall Time 




10 




CRS AND CDT PARAMETERS 


162 


CDT Low to TXC HIGH 

External Collision Detect Setup Time 


20 






T63 


TXC High to CDT Inactive, CDT Hold Time 


10 






T64 


CDT Low to Jam Start 






10 


T65 


CRS Low to TXC High, 
Carrier Sense Setup Time 


20 






T66 


TXC High to CRS Inactive, CRS Hold Time 
(Internal Collision Detect) 


10 






167 ^ 


CRS High to Jamming Start, 






12 


168 


Jamming Period 






11 


169 


CRS High to RXC High. 
CRS Inactive Setup Time 


30 






T70 


RXC High to CRS High, 
CRS Inactive Hold Time 


10 
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TRANSMIT/RECEIVE CLOCK PARAMETERS (Continued) 



Symbol 


Parameter 


20 MHz 


Notes 


Min 


Max 


INTERFRAME SPACING PARAMETERS 


T71 


Interframe Delay 






9 


EXTERNAL LOOPBACK-PIN PARAMETERS 


172 


TXCLowtoLPBKLow 




136 


4 


T73 


IXC Low to LPBK High 




136 


4 



NOTES: 

1. Special MOS levels. Vqil = 0.9V and Vqih = 3.0V. 

2. Manchester only. 

3. Manchester. Needs 50% duty cycle. 

4. 1 TTL load + 50 pF. 

5. 1 TTL load + 100 pF. 

6. NRZ only. 

7. Abnormal end of transmission— GTS expires before RTS. 

8. Normal end to transmission. 

9. Programmable value: 
T71 = N|FS • T36 

where: N|fs = the IFS configuration value 

(if N|ps is less than 12 then N|ps is forced to 12). 

10. Programmable value: 

164 = (NcpF*T36) + x-TSe 
(If the collision occurs after the preamble) 
where: 

NcDF = the collision detect filter configuration value, 
and 

x= 12, 13, 14, or 15 
11.168 = 32«T36 

12. Programmable value: 

T67 = (NcsF»T36) + x«T36 

where: NcsF = the Carrier Sense Filter configuration 

value, and 

x= 12, 13, 14, or 15 

1 3. To guarantee recognition on the next clock. 
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82596CA BUS OPERATION 

The following figures show the 82596CA basic bus cycle and basic burst cycle. 
Please refer to the 32'Bit LAN Component User's Manual. 
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Figure 44. Basic 82596CA Bus Cycie 
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Figure 45. Basic 82596CA Burst Cycle 
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SYSTEM INTERFACE A.C. TIMING CHARACTERISTICS 

The measurements should be done at: 

• Tc = O^'C to +85*C, Vcc = 5V ±10%, = 50 pF unless otherwise specified. 

• A.C. testing Inputs are driven at 2.4V for a logic "1" and 0.45V for a logic "0". 

• Timing measurements are made at 1.5V for both logic "1" and "0". 

• Rise and Fall time of inputs and outputs signals are measured between 0.8V and 2.0V respectively unless 
otherwise specified. 

• All timings are relative to CLK crossing the 1 .5V level. 

• All A.C. parameters are valid only after 100 juts from power up. 
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IDE 
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*-T2 — 



2.0V 
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i/~Lr 
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Figure 46. CLK Timings 

Two types of timing specifications are presented below: 

1 . Input Timing— minimum setup and hold times. 

2. Output Timings— output delays and float times from CLK rising edge. 

Figure 47 defines how the measurements should be done: 




LEGEND: 

Ts = Input Setup Time 

Th = Input Hold Time 

Tn = Minimum output delay or Mininum float delay 

Tx = Maximum output delay or Maximum float delay 



-^Tn 



iD^- 
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Figure 47. Drive Levels and Measurements Points for A.C. Specifications 

Ts = T13, T15, T17, T19, T21, T23, T27, T29, T31 
Th = T14, T16, TIB, T20, T22, T22a. T24, T28, T30. T32 
Tn = T6, T6a, T7, T8. T9, T10, Til, T12. T25 
Tx = TS, T6a, T7, T8. T9, T10, T1 1. T12, T25 
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INPUT WAVEFORMS 
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Figure 48. CA and BREQ Input Timing 




Figure 49. INT/INT Output Timing 
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Figure 50. HOLD/HLDA Timings 
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Figure 51. input Setup and Hold Time 
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Figure 52. Output Valid Deiay Timing 
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Figure 53. Output Fioat Deiay Timing 
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Figure 54. PORT Setup and Hold Time 
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Figure 55. RESET Input Timing 
SERIAL AC TIMING CHARACTERISTICS 
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Figure 56. Serial Input Clock Timing 
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Figure 57. Transmit Data Waveforms 
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Figure 58. Transmit Data Waveforms 




Figure 59. Receive Data Waveforms (NRZ) 
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Figure 60. Receive Data Waveforms (CRS) 
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OUTLINE DIAGRAMS 



132 LEAD CERAMIC PIN GRID ARRAY PACKAGE INTEL TYPE A 
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Family: Ceramic Pin Grid Array Paclcage 


Symboi 


i\/liiiimeters 


Inches 


i^in 


i\/lax 


Notes 


Min 


IVIax 


Notes 


A 


3.56 


4.57 




0.140 


0.180 




Ai 


0.76 


1.27 


Solid Lid 


0.030 


0.050 


Solid Lid 


A2 


2.67 


3.43 


Solid Lid 


0.105 


0.135 


Solid Lid 


A3 


1.14 


1.40 




0.045 


0.055 




B 


0.43 


0.51 




0.017 


0.020 




D 


36.45 


37.21 




1.435 


1.465 




Di 


32.89 


33.15 




1.295 


1.305 




ei 


2.29 


2.79 




0.090 


0.110 




L 


2.54 


3.30 




0.100 


0.130 




N 


132 


132 


Si 


1.27 


2.54 




0.050 


0.100 




ISSUE 


IWS 10/12/88 



2-72 



Intel 



82596CA 



Intel Case Outline Drawings 

Plastic Quad Flat Pack (PQFP) 

0.025 Inch (0.635mm) Pitch 



Symbol 


Description 


Min 


Meix 


l\/lin 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


N 


Leadcount 


68 


84 


100 


132 


164 


196 


A 


Package Height 


0.160 


0.170 


0.160 


0.170 


0.160 


0.170 


0.160 


0.170 


0.160 


0.170 


0.160 


0.170 


A1 


Standoff 


0.020 


0.030 


0.020 


0.030 


0.020 


0.030 


0.020 


0.030 


0.020 


0.030 


0.020 


0.030 


D.E 


Terminal Dimension 


0.675 


0.685 


0.775 


0.785 


0.875 


0.885 


1.075 


1.085 


1.275 


1.285 


1.475 


1.485 


D1,E1 


Package Body 


0.547 


0.553 


0.647 


0.653 


0.747 


0.753 


0.947 


0.953 


1.147 


1.153 


1.347 


1.353 


D2,E2 


Bumper Distance 


0.697 


0.703 


0.797 


0.803 


0.897 


0.903 


1.097 


1.103 


1.297 


1.303 


1.497 


1.503 


D3.E3 


Lead Dimension 


0.400 REF 


0.500 REF 


0.600 REF 


0.800 REF 


1.000 REF 


1.200 REF 


D4,E4 


Foot Radius Location 


0.623 


0.637 


0.723 


0.737 


0.823 


0.837 


1.023 


1.037 


1.223 


1.237 


1.423 


1.437 


L1 


Foot Length 


0.020 


0.030 


0.020 


0.030 


0.020 


0.030 


0.020 


0.030 


0.020 


0.030 


0.020 


0.030 


Issue 


IWS Preliminary 1 2/1 2/88 INCH 




Symbol 


Description 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


N 


Leadcount 


68 


84 


100 


132 


164 


196 


A 


Package Height 


4.06 


4.32 


4.06 


4.32 


4.06 


4.32 


4.06 


4.32 


4.06 


4.32 


4.06 


4.32 


A1 


Standoff 


0.51 


0.76 


0.51 


0.76 


0.51 


0.76 


0.51 


0.76 


0.51 


0.76 


0.51 


0.76 


D,E 


Terminal Dimension 


17.15 


17.40 


19.69 


19.94 


22.23 


22.48 


27.31 


27.56 


32.39 


32.64 


37.47 


37.72 


D1,E1 


Package Body 


13.89 


14.05 


16.43 


16.59 


18.97 


19.13 


24.05 


24.21 


29.13 


29.29 


34.21 


34.37 


D2,E2 


Bumper Distance 


17.70 


17.85 


20.24 


20.39 


22.78 


22.93 


27.86 


28.01 


32.94 


33.09 


38.02 


38.18 


D3.E3 


Lead Dimension 


10.16 REF 


12.70 REF 


15.24 REF 


20.32 REF 


25.40 REF 


30.48 REF 


D4, E4 


Foot Radius Location 


15.82 


16.17 


18.36 


18.71 


21.25 


21.25 


25.89 


26.33 


31.06 


31.41 


36.14 


36.49 


LI 


Foot Length 


0.51 


0.76 


0.51 


0.76 


0.51 


0.76 


0.51 


0.76 


0.51 


0.76 


0.51 


0.76 


issue 


IWS Preliminary 1 2/1 i 


2/88 mm 
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Figure 61. Principal Dimensions and Datums 



■D2- 



E2 Ell 



mm (inch) 



0.25 (.010)® |C|A®-B©|D(D|A 



.002 MM/MM (IN/IN) A-B 




0.25 (.010)® |C|A(1)-B(D|D® lA 



.002 MM/MM (IN/IN) A-B 



♦ 



3.81 (.150) MAX TYP 



T 



.SEE DETAIL M 



-^1.91 (.075) MAX TYP 



0.25 (.010)® |C|A©-B(D|D® I 



.002 MM/MM (IN/IN) D 



0.25 (.010)® |C|A(1)-B©|D® lA 



.002 MM/MM (IN/IN) D 



290218-36 



Figure 62. IVIolded Detaiis 
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Figure 63. Terminal Details 
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Figure 64. Typical Lead 
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Figure 65. Detail M 



REVISION SUMMARY 



The following represents the key differences be- 
tween version 004 and version 005 of the 82596CA 
Data Sheet. 

1.. Timings added for -16 MHz and -20 MHz specfl- 
cations. 

The following represents the key differences be- 
tween version 005 and version 006 of the 82596CA 
Data Sheet. 

1. A description of the 82596CA C-steppIng en- 
hancements was added and the 82596CA B-step 
information was removed. 

2. Description of BOFF pin changed. BOFF may be 
asserted in T1 In the 82596 C-step. 



3. Recommendation to use only one type of buffer 
(either Simplified or Flexible) In any given linked 
list. 

4. Added detailed description regarding operation 
or RCVCDT counter. 

5. Added New Enhanced Big Endian Mode section. 
The New Enhanced Big Endian Mode applies 
only to the 82596 C-stepplng. 

6. Added programming recommendations regarding 
RU and CU Start commands. These warn against 
Starting the CU while it is Active and Starting the 
RU while it is Ready. 

7. Emphasized that the TDR command Is a static 
command and should not be used in an active 
network. 

8. Improved 82596CA C-step timings were added 
for all speeds. 
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28F016XS 
16-MBIT (1-MBIT x 16, 2-MBIT x 8) 
SYNCHRONOUS FLASH MEMORY 



Effective 0-Wait-State Performance up 
to 33 MHz 

SmartVoltage Technology 

— User-Selectable 3.3V or 5V Vqc 

— User-Selectable 5V or 12V Vpp 

30.8 MB/sec Burst Write Transfer Rate 

0.48 MB/sec Sustainable Write Transfer 
Rate 

Configurable x8 or x16 Operation 

16 Separately-Erasable/Lockable 
128-KByte Blocks 

56-Lead TSOP Type I Package 



Backward Compatible with 
28F016SA/SV, 28F008SA Command-Set 

Revolutionary Architecture 

— Synchronous Pipelined Reads 
— - Multiple Command Execution 

— Write During Erase 

— Page Buffer Write 

2 juA Typical Deep Power-Down 

1 mA Typical Active Iqc Current in 
Static Mode 

1 Million Erase Cycles per Block 

State-of-the-Art 0.6 jixm ETOXtm iv 
Flash Technology 




Intel's 28F016XS 16-Mbit Flash memory is a revolutionary architecture which is the ideal choice for designing 
truly revolutionary high-performance products. Combining very high read performance with the intrinsic non- 
volatility of flash memory, the 28F016XS eliminates the traditional redundant memory paradigm of shadowing 
code from a slow nonvolatile storage source to a faster execution memory, such as DRAM, for improved 
system performance. The innovative capabilities of the 28F016XS enable the design of direct-execute code 
and mass storage data/file flash memory systems. 

The 28F016XS is the highest pei;formance high density nonvolatile read/write flash memory solution available 
today. Its synchronous pipelined read interface, flexible Vcc and Vpp voltages, extended cycling, fast write and 
read performance, symmetrically blocked architecture, and selective block locking provide a highly flexible 
memory component suitable for resident flash component arrays on the system board or SIMMs. The synchro- 
nous pipelined interface and x8/x16 architecture of the 28F016XS allow easy interface with minimal glue logic 
to a wide range of processors/ buses, providing effective 0-wait-state read performance up to 33 MHz. The 
28F016XS's dual read voltage allows the same component to operate at either 3.3V or 5.0V Vcc- Program- 
ming voltage at 5V Vpp minimizes external circuitry in minimal-chip, space critical designs, while the 1 2V Vpp 
option maximizes write/erase performance. Its high read performance combined with flexible block locking 
enable both storage and execution of operating systems/application software and fast access to large data 
tables. The 28F016XS is manufactured on Intel's 0.6 jum ETOXtm iv process technology. 
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1.0 INTRODUCTION 

The documentation of the Intel 28F016XS Flash 
memory device includes this datasheet, a detailed 
user's manual, a number of application notes and 
design tools, all of which are referenced at the end 
of this datasheet. 

The datasheet is intended to give an overview of the 
chip feature-set and of the operating AC/ DC specifi- 
cations. The 16-Mbit Flash Product Family User's 
Manual provides complete descriptions of the user 
modes, system interface examples and detailed de- 
scriptions of all principles of operation. It also con- 
tains the full list of software algorithm flowcharts, 
and a brief section on compatibility with the Intel 
28F008SA. 



1.1 Product Overview 

The 28F016XS is a high-performance, 16-Mbit 
(16,777,216-bit) block erasable nonvolatile random 
access memory organized as either 1-MWord x 16 
or 2-MByte x 8, subdivided into even and odd banks. 
Address Ai makes the bank selection. The 
28F016XS includes sixteen 128-KByte (131,072 
byte) blocks or sixteen 64-KWord (65,536 word) 
blocks. Chip memory maps for x8 and x16 modes 
are shown in Figures 3 and 4. 

The implementation of a new architecture, with 
many enhanced features, will improve the device op- 
erating characteristics and result in greater product 
reliability and ease-of-use as compared to other 
flash memories. Significant features of the 
28F016XS as compared to previous asynchronous 
flash memories include: 

• Synchronous Pipelined Read Interface 

• Significantly Improved Read and Write Perform- 
ance 

• SmartVoltage Technology 

— User-Selectable 5.0V or 12.0 Vpp 

• Internal 3.3V/5.0V Vqc Detection Circuitry 

• Block Write/ Erase Protection 

The 28F016XS's synchronous pipelined interface 
dramatically raises read performance far beyond 
previously attainable levels. Addresses are synchro- 
nously latched and data is read from a 28F016XS 
bank every 30 ns. This capability translates to 0- 
wait-state reads at clock rates up to 33 MHz at 5V 
Vcc. aftsi' an initial address pipeline fill delay and 
assuming even and odd banks within the flash mem- 



ory are alternately accessed. Data is latched and 
driven valid 20 ns (tcHQv) a^*©'' a rising CLK edge. 
The 28F016XS is capable of operating up to 66 MHz 
(5V Vcc). and the programmable SFI Configuration 
enables system design flexibility optimizing the 
28F016XS to a specific system clock frequency. See 
Section 4.9, SFI Configuration Table, for specific SFI 
Configurations for given operating frequencies. 

The SFI Configuration optimizes the 28F016XS for a 
wide range of system operating frequencies. The de- 
fault SFI Configuration is 4, which allows system 
boot from the 28F016XS at any frequency up to 66 
MHz at 5V Vcc- After initiating an access, data is 
latched and will begin driving on the data outputs 
after a CLK count corresponding to the SFI Configu- 
ration has elapsed. The 28F016XS will hold data val- 
id until CE# or 0E# is deactivated or a CLK count 
corresponding to the SFI Configuration for a subse- 
quent access has elapsed. 

The CLK and ADV# inputs, new to the 28F016XS in 
comparison to previous flash memories, control ad- 
dress latching and device synchronization during 
read operations. CLK input controls the device laten- 
cies, times out the SFI Configuration and synchro- 
nizes data outputs. ADV# indicates the presence of 
a valid address on the 28F016XS address inputs. 
During read operations, addresses are latched and 
accesses are initiated on a rising CLK edge in con- 
junction with ADV# low. Both CLK and ADV# are 
ignored by the 28F016XS during write operations. 

The 28F016XS incorporates SmartVoltage technolo- 
gy, providing Vcc operation at both 3.3V and 5.0V 
and program and erase capability at Vpp = 1 2.0V or 
5.0V. Operating at Vcc = 3-3V, the 28F016XS con- 
sumes less than one half the power consumption at 
5.0V Vcc. while 5.0V Vcc provides highest read per- 
formance capability. Vpp operation at 5.0V elimi- 
nates the need for a separate 12.0V converter, while 
the Vpp = 1 2.0V option maximizes write/erase per- 
formance. In addition to the flexible program and 
erase voltages, the dedicated Vpp gives complete 
code protection with Vpp <. VppLK- 

Internal 3.3V or 5.0V Vcc detection automatically 
configures the device internally for optimized 3.3V or 
5.0V Read/Write operation. Hence, the 28F016SA's 
3/5 # pin is not required and is a no-connect (NC) 
on the 28F016XS maintaining backwards-compati- 
bility between components. 

A Command User Interface (CUI) serves as the sys- 
tenri interface between the microprocessor or micro- 
controller and the internal memory operation. 
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Internal Algorithm Automation allows Byte/Word 
Writes and Block Erase operations to be executed 
using a Two-Write command sequence to the GUI in 
the same way as the 28F008SA 8-Mbit FlashFileTM 
memory. 

A super-set of commands has been added to the 
basic 28F008SA command-set to achieve higher 
write performance and provide additional capabili- 
ties. These new commands and features include: 

• Page Buffer Writes to Flash 

• Command Queuing Capability 

• Automatic Data Writes during Erase 

• Software Locking of Memory Blocks 

• Two-Byte Successive Writes in 8-bit Systems 

• Erase All Unlocked Blocks 

Writing of memory data is performed in either byte or 
word increments, typically within 6 jasec at 12.0V 
Vpp, which is a 33% improvement over the 
28F008SA. A Block Erase operation erases one of 
the 1 6 blocks In typically 1 .2 sec, Independent of the 
other blocks. 

Each block can be written and erased a minimum of 
100,000 cycles. Systems can achieve one million 
Block Erase Cycles by providing wear-leveling algo- 
rithms and graceful block retirement. These tech- 
niques have already been employed in many flash 
file systems and hard disk drive designs. 

The 28F016XS incorporates two Page Buffers of 
256 bytes (128 words) each to allow page data 
writes. This feature can improve a system write per- 
formance by up to 4.8 times over previous flash 
memory devices, which have no Page Buffers. 

All operations are started by a sequence of Write 
commands to the device. Three Status Registers 
(described in detail later in this datasheet) and a 
RY/BY# output pin provide information on the prog- 
ress of the requested operation. 

While the 28F008SA requires an operation to com- 
plete before the next operation can be requested, 
the 28F016XS allows queuing of the next operation 
while the memory executes the current operation. 
This eliminates system overhead when writing sev- 
eral bytes in a row to the array or erasing several 
blocks at the same time. The 28F016XS can also 
perform Write operations to one block of memory 
while performing Erase of another block. 



Intel 



The 28F016XS provides selectable block locking td 
protect code or data such as direct-executable oper- 
ating systems or application code. Each block has 
an associated nonvolatile lock-bit which determines 
the lock status of the block. In addition, the 
28F016XS has a master Write Protect pin (WP#) 
which prevents any modifications to memory blocks 
whose lock-bits are set. 

The 28F016XS contains three types of Status Regis- 
ters to accomplish various functions: 

• A Compatible Status Register (CSR) which is 
100% compatible with the 28F008SA FlashFlle 
memory Status Register. The CSR, when used 
alone, provides a straightfon^^ard upgrade capa- 
bility to the 28F016XS from a 28F008SA-based 
design. 

• A Global Status Register (GSR) which informs 
the system of command Queue status. Page 
Buffer status, and overall Write State Machine 
(WSM) status. 

• 16 Block Status Registers (BSRs) which provide 
block-specific status information such as the 
block lock-bit status. 

The GSR and BSR memory maps for Byte-Wide and 
Word-Wide modes are shown In Figures 6 and 6. 

The 28F016XS incorporates an open drain RY/BY# 
output pin. This feature allows the user to OR-tie 
many RY/BY# pins together in a multiple memory 
configuration such as a Resident Flash Array. The 
RY/BY# output pin employs five distinct configura- 
tions, which are enabled via special CUI commands 
and are described in detail In the 16-Mbit Flash 
Product Family User's Manual. 

The 28F016XS also incorporates a dual chip-enable 
function with two Input pins, CEo# and CEi#. 
These pins have exactly the same functionality as 
the regular chip-enable pin, CE#, on the 28F008SA. 
For minimum chip designs, CEi# may be tied to 
ground and system logic may use CEo# as the chip 
enable input. The 28F016XS uses the logical combi- 
nation of these two signals to enable or disable the 
entire chip. Both CEo# and CEi# must be active 
low to enable the device. If either one becomes in- 
active, the chip will be disabled. This feature, along 
with the open drain RY/BY# pin, allows the system 
designer to reduce the number of control pins used 
in a large array of 16-Mblt devices. 
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The BYTE# pin allows either x8 or x16 read/writes 
to the 28F016XS. BYTE# at logic low selects 8-bit 
mode with address Aq selecting between low byte 
and high byte. On the other hand, BYTE# at logic 



high enables 16-bit operation with address Ai be- 
coming the lowest order address and address Aq is 
not used (don't care). A device block diagram is 
shown in Figure 1 . 
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Figure 1. 28F016XS Block Diagram 

Architectural Evolution Includes Synchronous Pipelined Read Interface, SmartVoltage Technology, 

Page Buffers, Queue Registers and Extended Status Registers 
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The 28F016XS incorporates an Automatic Power 
Saving (APS) feature, which substantially reduces 
the active current when the device is in static mode 
of operation (addresses not switching). In APS 
mode, the typical Ice current is 1 mA at 5.0V (3 mA 
at 3.3V). 

A deep power-down mode of operation is Invoked 
when the RP# (called PWD# on the 28F008SA) pin 
transitions low. This mode brings the device power 
consumption to less than 2.0 jaA, typically, and pro- 
vides additional write protection by acting as a de- 
vice reset pin during power transitions. A reset time 
of 300 ns Is required from RP# switching high be- 
fore latching an address into the 28F016XS. In the 
Deep Power-Down state, the WSM is reset (any cur- 
rent operation will abort) and the CSR, GSR and 
BSR registers are cleared. 



A CMOS standby mode of operation is enabled 
when either CEo# or CEi# transitions high and 
RP# stays high with all input control pins at CMOS 
levels. In this mode, the device typically draws an 
Ice standby current of 70 juA at 5V Vec- 

The 28F016XS will be available In a 56-Lead, 1.2mm 
thick, 14mm x 20mm TSOP Type I package. The 
package's form factor and pinout allows for very 
high board layout densities. 



2.0 DEVICE PINOUT 

The 28F016XS is pinout compatible with the 
28F016SA/SV 16-Mbit FlashFlleTM memory compo- 
nent, providing an performance upgrade path to the 
28F016XS. The 28F016XS 56-Lead TSOP pinout 
configuration Is shown In Figure 2. 
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Figure 2. 28F016XS 56-Lead TSOP Pinout Configuration Shows Compatibiiity with the 28F016SA/SV, 
Ailowing for Easy Performance Upgrades from Existing 16-iy/lbit Designs 
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2.1 Lead Descriptions 



Symbol 


Type 


Name and Function 


Ao 


Input 


BYTE-SELECT ADDRESS: Selects between high and low byte when device is in 
x8 mode. This address is latched in x8 Data Writes and ignored in x16 mode (i.e., 
the Ao input buffer is turned off when BYTE# is high). 


Ai 


Input 


BANK-SELECT ADDRESS: Selects an even or odd bank in a selected block. A 
1 28-KByte block is subdivided into an even and odd bank. Ai = selects the even 
bank and A-i = 1 selects the odd bank, in both byte-wide mode and word-wide 
mode device configurations. 


A2-A16 


Input 


WORD-SELECT ADDRESSES: Select a word within one 1 28-KByte block. 
Address Ai and Aj^^q select 1 of 2048 rows, and A2-6 selects 16 of 512 columns. 
These addresses are latched during both data reads and writes. 


A17-A20 


Input 


BLOCK-SELECT ADDRESSES: Select 1 of 16 Erase blocks. These addresses are 
latched during Data Writes, Erase and Lock-Block operations. 


DQ0-DQ7 


Input 
Output 


LOW-BYTE DATA BUS: Inputs data and commands during GUI write cycles. 
Outputs array, buffer, identifier or status data In the appropriate read mode. 
Floated when the chip is de-selected or the outputs are disabled. 


DQ8-DQ15 


Input 
Output 


HIGH-BYTE DATA BUS: Inputs data during x16 Data-Write operations. Outputs 
array, buffer or identifier data in the appropriate read mode; not used for Status 
Register reads. Outputs floated when the chip is de-selected, the outputs are 
disabled (0E# = V|h) or BYTE# is driven active. 


CEo#,CEi# 


Input 


CHIP ENABLE INPUTS: Activate the device's control logic, input buffers, 
decoders and sense amplifiers. With either CEo#or CEi # high, the device is 
de-selected and power consumption reduces to standby levels upon completion of 
any current Data- Write or Erase operations. Both CEo# and CEi # must be low to 
select the device. 

All timing specifications are the same for both signals. Device Selection occurs 
with the latter falling edge of CEo# or CEi #. The first rising edge of CEo# or 
CEi # disables the device. 


RP# 


Input 


RESET/POWER-DOWN: RP# low places the device in a Deep Power-Down 
state. All circuits that consume static power, even those circuits enabled in standby 
mode, are turned off. When returning from Deep Power-Down, a recovery time of 
tpHCH IS required to allow these circuits to power-up. 

When RP# goes low, any current or pending WSM operation(s) are terminated, 
and the device is reset. All Status Registers return to ready, clearing all status 
flags. Exit from Deep Power-Down places the device in read array mode. 


0E# 


Input 


OUTPUT ENABLE: Drives device data through the output buffers when low. The 
outputs float to tri-state off when 0E# is high. CEx# overrides 0E#, and 0E# 
overrides WE #. 


WE# 


Input 


WRITE ENABLE: Controls access to the GUI, Page Buffers, Data Queue Registers 
and Address Queue Latches. WE# is active low, and latches both address and 
data (command or array) on its rising edge. Page Buffer addresses are latched on 
the falling edge of WE #. 
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2.1 Lead Descriptions (Continued) 
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Symbol 


Type 


Name and Function 


CLK 


Input 


CLOCK: Provides the fundamental timing and internal operating frequency. CLK 
latches input addresses in conjunction with ADV#, times out the desired output SFI 
Configuration as a function of the CLK period, and synchronizes device outputs. CLK 
can be slowed or stopped with no loss of data or synchronization. CLK is ignored 
during write operations. 


ADV# 


Input 


ADDRESS VALID: Indicates that a valid address is present on the address inputs. 
ADV# low at the rising edge of CLK latches the address on the address inputs into the 
flash memory and initiates a read access to the even or odd bank depending on the 
state of address Ai. ADV# is ignored during write operations. 


RY/BY# 


Open 
Drain 
Output 


READY/BUSY: Indicates status of the internal WSM. When low. it indicates that the 
WSM is busy performing an operation. RY/BY# high indicates that the WSM is ready 
for new operations (or WSM has completed all pending operations), or Erase is 
Suspended, or the device is in deep power-down mode. This output is always active 
(i.e., not floated tp tri-state off when 0E# or CEo#, CEi # are high), except if a 
RY/BY# Pin Disable command is issued. 


WP# 


Input 


WRITE PROTECT: Erase blocks can be locked by writing a nonvolatile lock-bit for 
each block. When WP# is low, those locked blocks as reflected by the Block-Lock 
Status bits (BSR.6), are protected from inadvertent Data Writes or Erases. When WP# 
is high, all blocks can be written or erased regardless of the state of the lock-bits. The 
WP# input buffer is disabled when RP# transitions low (deep power-down mode). 


BYTE# 


Input 


BY 1 b ENABLE: BYTE# low places device in x8 mode. All data is then input or output 
on DQo-7, and DQs-is float. Address Aoselects between the high and low byte. 
BYTE# high places the device in x16 mode, and turns off the Aq input buffer. Address 
A-i then becomes the lowest order address. 


Vpp 


Supply 


WRITE/ERASE POWER SUPPLY (12.0V ±0.6V, 5.0V ±0.5V): For erasing memory 
array blocks or writing words/bytes/pages into the flash array. Vpp = 5.0V ± 0.5V 
eliminates the need for a 1 2V converter, while the 1 2.0V ± 0.6V option maximizes 
Write/Erase Performance. 

Write and Erase attempts are inhibited with Vpp at or below 1 .5V. Write and Erase 
attempts with Vpp between 1,5V and 4.5V, between 5.5V and 1 1 .4V, and above 1 2.6V 
produce spurious results and should not be attempted. 


Vcc 


Supply 


DEVICE POWER SUPPLY (3.3V +0.3V, 5.0V ±0.5V): Internal detection configures 
the device for 3.3V or 5.0V operation. To switch 3.3V to 5.0V (or vice versa), first ramp 
Vcc down to GND, and then power to the new Vcc voltage. Do not leave any power 
pins floating. 


GND 


Supply 


GROUND FOR ALL INTERNAL CIRCUITRY: Do not leave any ground pins floating. 


NO 




NO CONNECT: No Internal connection to die, lead may be driven or left floating. 
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3.0 MEMORY MAPS 
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Figure 3. 28F016XS Memory Map 
(Byte-Wide Mode) 



Figure 4. 28F016XS Memory Map 
(Word-Wide Mode) 
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3.1 Extended Status Register Memory Map 
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Figure 5. Extended Status Register i\/lemory 
Map (Byte-Wide fAode) 
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Figure 6. Extended Status Register l\/lemory 
l\/lap (Word-Wide l\/lode) 
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4.0 BUS OPERATIONS, COMMANDS AND STATUS REGISTER DEFINITIONS 

4.1 Bus Operations for Word-Wide Mode (BYTE # = V|h) 



Mode 


Notes 


RP# 


CEo-i# 


0E# 


WE# 


ADV# 


CLK 


Ai 


DQo-is 


RY/BY# 


Latch Read 
Address 


1.9,10 


V|H 


V|L 


X 


V|H 


V|L 


T 


X 


X 


X 


Inhibit 
Latching 
Read Address 


1.9 


V,H 


V|L 


X 


V|H 


V|H 


t 


X 


X 


X 


Read 


1,2,7,9 


V|H 


V|L 


V|L 


V|H 


X 


T 


X 


DOUT 


X 


Output 
Disable 


1.6,7,9 


V|H 


V|L 


V|H 


V|H 


X 


X 


X 


High Z 


X 


Standby 


1.6,7,9 


V|H 


V|L 


X 


X 


X 


X 


X 


HighZ 


X 


Deep 
Power-Down 


1.3 


V|L 


X 


X 


X 


X 


X 


X 


HighZ 


VOH 


Manufacturer 
ID 


1.4,9 


V|H 


ViL 


ViL 


V|H 


X 


t 


V|L 


0089H 


VOH 


Device ID 


1.4.8,9 


V|H 


V|L 


V|L 


V|H 


X 


t 


V|H 


66A8H 


VoH 


Write 


1.5.6,9 


V|H 


V|L 


V|H 


V|L 


X 


X 


X 


D|N 


X 




NOTES: 

1. X can be V|h or V|l for address or control pins except for RY/BY#, which is either Vql or Vqh. or High Z or Dqut for 
data pins depending on whether or not 0E# is active. 

2. RY/BY# output Is open drain. When the WSM is ready, Erase is suspended or the device is in deep power-down mode. 
RY/BY# will be at Vqh if it is tied to Vqc through a resistor. RY/BY# at Vqh 's independent of 0E# while a WSM 
operation is in progress. 

3. RP# at GND ±0.2V ensures the lowest deep power-down current. 

4. Ao and Ai at V|l provide device manufacturer codes in x8 and x16 modes respectively. Aq and Ai at V|h provide device 
ID codes in x8 and x16 modes respectively. Ail other addresses are set to zero. 

5. Commands for Erase, Data Write, or Lock-Block operations can only be completed successfully when Vpp = VppHi or 

Vpp = VppH2. 

6. While the WSM is running, RY/BY# in level-mode (default) stays at Vql until all operations are complete. RY/BY# goes 
to Vqh when the WSM is not busy or in erase suspend mode. 

7. RY/BY# may be at Vql while the WSM is busy performing various operations. For example, a Status Register read 
during a Write operation. 

8. The 28F016XS shares an Identical device identifier with other Intel Flash memories. Reading this identifier in conjunction 
with the unique Device Proliferation Code (read from the Page Buffer after writing the Upload Device Configuration com- 
mand), the 28F016XS can be identified by system software. 

9. CEo-i # at V|L is defined as both CEo# and CEi # low, and CEq-i # at V|h is defined as either CEo# or CEi # high. 

10. Addresses are latched on the rising edge of CLK in conjunction with ADV# low. Address A-j = selects the even bank 
and Ai = 1 selects the odd bank, in both byte-wide mode and word-wide mode device configurations. 
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4.2 Bus Operations for Byte-Wide Mode (BYTE 


# = V,l) 








Mode 


Notes 


RP# 


CEo.i# 


0E# 


WE# 


ADV# 


CLK 


Ao 


DQo.7 


RY/BY# 


Latch Read 
Address 


1.9,10 


V|H 


V|L 


X 


V|H 


V|L 


T 


X 


X 


X 


Inhibit 
Latching 
Read Address 


1.9 


V|H 


V|L 


X 


V|H 


V|H 


t 


X 


X 


X 


Read 


1.2.7.9 


V|H 


V|L 


V|L 


V|H 


X 


t 


X 


DoUT 


X 


Output 
Disable 


1.6.7.9 


V|H 


V|L 


V|H 


V|H 


X 


X 


X 


HIghZ 


X 


Standby 


1.6.7.9 


V|H 


V|H 


X 


X 


X 


X 


X 


HighZ 


X 


Deep 
Power-Down 


1,3 


V|L 


X 


X 


X 


X 


X 


X 


HIghZ 


VOH 


Manufacturer 
ID 


1.4,9 


V|H 


V|L 


V|L 


V|H 


X 


t 


V|L 


89H 


VOH 


Device ID 


1,4.8.9 


V|H 


V|L 


V|L 


V|H 


X 


T 


V|H 


ASH 


VoH 


Write 


1.5.6,9 


V|H 


V|L 


V|H 


V|L 


X 


X 


X 


Din 


X 



NOTES: 

1. X can be V|h or Vitfor address or control pins except for RY/BY#, which Is either Vql or Vqh, or High Z or Dqut for 
data pins depending on whether or not 0E# is active. 

2. RY/BY# output is open drain. When the WSM is ready, Erase Is suspended or the device is in deep power-down mode. 
RY/BY# will be at Vqh if it is tied to Vqc through a resistor. RY/BY# at Vqh is independent of 0E# while a WSM 
operation is in progress. ' 

3. RP# at GND +0.2V ensures the lowest deep power-down current. 

4. Ao and Ai at V|l provide device manufacturer codes in xB and x16 modes respectively. Aq and Ai at Vjh provide device 
ID codes in x8 and x16 modes respectively. Ail other addresses are set to zero. 

5. Commands for Erase, Data Write, or Lock-Block operations can only be completed successfully when Vpp = Vppm or 

Vpp = VppH2. 

6. While the WSM is running, RY/BY# in level-mode (default) stays at Vql until all operations are complete. RY/BY# goes 
to Vqh when the WSM is not busy or in erase suspend mode. 

7. RY/BY# may be at Vql while the WSM is busy performing various operations. For example, a Status Register read 
during a Write operation. 

8. The 28F016XS shares an identical device identifier with other Intel Flash memories. Reading this identifier in conjunction 
with the unique Device Proliferation Code (read from the Page Buffer after writing the Upload Device Configuration com- 
mand), the 28F016XS can be identified by system software. 

9. CEo-i # at V|L is defined as both CEo# and CEi # low, and CEq-i # at V|h is defined as either CEo# or CEi # high. 

10. Addresses are latched on the rising edge of CLK in conjunction with ADV# low. Address Ai = selects the even bank 
and Ai = 1 selects the odd bank, in both byte-wide mode and word-wide mode device configurations. 
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4.3 28F008SA— Compatible Mode Command Bus Definitions 






Command 


Notes 


First Bus Cycle 


Second Bus Cycle 


Oper 


Addr 


Data 


Oper 


Addr 


Data 


Read Array 




Write 


X 


FFH 


Read 


AA 


AD 


Intelligent Identifier 


1 


Write 


X 


90H 


Read 


lA 


ID 


Read Compatible Status Register 


2 


Write 


X 


70H 


Read 


X 


CSRD 


Clear Status Register 


3 


Write 


X 


50H 








Word/Byte Write 




Write 


X 


40H 


Write 


WA 


WD 


Alternate Word/Byte Write 




Write 


X 


10H 


Write 


WA 


WD 


Block Erase/Confirm 




Write 


X 


20H 


Write 


BA 


DOH 


Erase Suspend/Resume 




Write 


X 


BOH 


Write 


X 


DOH 



ADDRESS 

AA = Array Address 
BA = Block Address 
lA = Identifier Address 
WA = Write Address 
X = Don't Care 



DATA 

AD = Array Data 
CSRD = CSR Data 
ID = Identifier Data 
WD = Write Data 




NOTES: 

1. Following the Intelligent Identifier command, two Read operations access the manufacturer and device signature codes. 

2. The CSR is automatically available after device enters Data Write, Erase, or Suspend operations. 

3. Clears CSR.3, CSR.4 and CSR.5. Also clears GSR.5 and all BSR.5, BSR.4 and BSR.2 bits. See Status Register defini- 
tions. 
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4.4 28F016XS~Performance Enhancement Command Bus Definitions 




Command 


Mode 


Notes 


First Bus Cycle 


Second Bus Cycle 


Third Bus Cycle 


Oper 


Addr 


Data 


Oper 


Addr 


Data 


Oper 


Addr 


Data 


Read Extended 
Status Register 




1 


Write 


X 


71H 


Read 


RA 


GSRD 
BSRD 








Page Buffer Swap 




7 , 


Write 


X 


72H 














Read Page Buffer 




11 


Write 


X 


75H 


Read 


PA 


PD 








Single Load to 
Page Buffer 






Write 


X 


74H 


Write 


PA 


PD 








Sequential Load 
to Page Buffer 


x8 


4,6,10 


Write 


X 


EOH 


Write 


X 


BCL 


Write 


X 


BCH 


x16 


4,5,6,10 


Write 


X 


EOH 


Write 


X 


WCL 


Write 


X 


WCH 


Page Buffer 
Write to Flash 


x8 


3,4,9,10 


Write 


X 


OCH 


Write 


Ao 


BC(L,H) 


Write 


WA 


BC(H,L) 


x16 


4,5,10 


Write 


X 


OCH 


Write 


X 


WCL 


Write 


WA 


WCH 


Two-Byte Write 


x8 


3 


Write 


X 


FBH 


Write 


Ao 


WD(L,H) 


Write 


WA 


WD(H,L) 


Lock Block/Confirm 






Write 


X 


77H 


Write 


BA 


DOH 








Upload Status 
Bits/Confirm 




2 


Write 


X 


97H 


Write 


X 


DOH 








Upload Device 
Information/Confirm 




12 


Write 


X 


99H 


Write 


X 


DOH 








Erase All Unlocked 
Blocks/Confirm 






Write 


X 


A7H 


Write 


X 


DOH 








Device 
Configuration 




8 


Write 


X 


96H 


Write 


X 


DCCD 








Sleep 






Write 


X 


FOH 














Abort 






Write 


X 


80H 















ADDRESS 

BA = Block Address 

PA = Page Buffer Address 

RA = Extended Register Address 

WA = Write Address 

X = Don't Care 



DATA 

AD = Array Data 
PD = Page Buffer Data 
BSRD = BSR Data 
GSRD = GSR Data 



WC (L,H) = Word Count (Low, High) 
BC (L,H) = Byte Count (Low. High) 
WD (L,H) = Write Data (Low, High) 
DCCD = Device Configuration Code Data 
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NOTES: 

1 . RA can be the GSR address or any BSR address. See Figures 5 and 6 for Extended Status Register memory maps. 

2. Upon device power-up, all BSR lock-bits come up locked. The Upload Status Bits command must be written to reflect the 
actual lock-bit status. 

3. Aq is automatically complemented to load second byte of data. BYTE# must be at Vil- Aq value determines which 
WD/BC is supplied first: Aq = looks at the WDL/BCL, Aq = 1 looks at the WDH/BCH. 

4. BCH/WCH must be at OOH for this product because of the 256-byte (128-word) Page Buffer size, and to avoid writing the 
Page Buffer contents to more than one 256-byte segment within an array block. They are simply shown for future Page 
Buffer expandability. 

5. In x16 mode, only the lower byte DQ0-7 is used for WCL and WCH. The upper byte DQs-is is a don't care. 

6. PA and PD (whose count is given in cycles 2 and 3) are supplied starting in the fourth cycle, which is not shown. 

7. This command allows the user to swap between available Page Buffers (0 or 1). 

8. This command reconfigures RY/BY# output and SFI Configuration. 

9. Write address, WA, is the Destination address in the flash array which must match the Source address in the Page Buffer. 
Refer to the 16-Mbit Flash Product Family User's Manual. 

10. BCL '= OOH corresponds to a byte count of 1. Similarly, WCL = OOH corresponds to a word count of 1. 

1 1 . Page buffer reads are valid at any frequency up to the corresponding SFI Configuration setting of 2. Page buffer read6 
above this frequency may produce invalid results and should not be attempted. See Section 4.9 for SFI Configuration 
frequency settings. 

1 2. After writing the Upload Device Information command and the Confirm command, the following information is output at 
Page Buffer addresses specified below: 

Address Information 

06H, 07H (Byte Mode) Device Revision Number 

03H (Word Mode) Device Revision Number 

1 EH (Byte Mode) Device Configuration Code 

OFH (DQo_7)(Word Mode) Device Configuration Code 

1 FH (Byte"Mode) Device Proliferation Code (03H) 

OFH (DQ8_i 5)(Word Mode) Device Proliferation Code (03H) 

A page buffer swap followed by a page buffer read sequence is necessary to access this information. The contents of all 
other Page Buffer locations, after the Upload Device Information command is written, are reserved for future implementation 
by Intel Corporation. See Section 4.8 for a description of the Device Configuration Code. This code also corresponds to data 
written to the 28F016XS after writing the Device Configuration command. 
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4.5 Compatible Status Register 



WSMS 


ESS 


ES 


DWS 


VPPS 


R 


R 


R 



CSR.7 = WRITE STATE MACHINE STATUS 
1 = Ready 

= Busy 

CSR.6 = ERASE-SUSPEND STATUS 

1 = Erase Suspended 

= Erase In Progress/Completed 

CSR.5 = ERASE STATUS 

1 = Error In Block Erasure 

= Successful Block Erase 
CSR.4 = DATA-WRITE STATUS 

1 = Error in Data Write 

= Data Write Successful 



NOTES: 

RY/BY# output or WSMS bit must be checked to determine 
completion of an operation (Erase, Erase Suspend, or Data 
Write) before the appropriate Status bit (ESS, ES or DWS) is 
checked for success. 



If DWS and ES are set to "1 " during an erase attempt, an 
improper command sequence was entered. Clear the CSR 
and attempt the operation again. 



CSR.3 = Vpp STATUS 

1 = Vpp Error Detect, Operation 

Abort 
= Vpp OK 



The VPPS bit, unlike an A/D converter, does not provide 
continuous indication of Vpplevel. The WSM interrogates 
Vpp's level only after the Data WHte or Erase command 
sequences have been entered, and informs the system if 
Vpp has not been switched on. VPPS is not guaranteed to 
report accurate feedback between VppLK(max) and 
VppHi (min), between Vppm (max) and VppH2(nnin), and 
above VppH2('Tiax). 

CSR.2-0 = RESERVED FOR FUTURE ENHANCEMENTS 

These bits are reserved for future use; mask them out when polling the CSR. 
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4.6 Global Status Register 



WSMS 


OSS 


DOS 


DSS 


OS 


PBAS 


PBS 


PBSS 



1 



GSR.7 = WRITE STATE MACHINE STATUS 
1 = Ready 
= Busy 



NOTES: 

[1] RY/BY# output or WSMS bit must be checked to 
determine completion of an operation (Block Lock, 
Suspend, any RY/BY# reconfiguration, Upload Status 
Bits, Erase or Data Write) before the appropriate Status 
bit (OSS or DOS) is checked for success. 



GSR.6 = OPERATION SUSPEND STATUS 
1 = Operation Suspended 

= Operation in Progress/Completed 

GSR.5 = DEVICE OPERATION STATUS 

1 = Operation Unsuccessful 

= Operation Successful or Currently 

Running 

GSR.4 = DEVICE SLEEP STATUS 

1 = Device in Sleep 

= Device Not in Sleep 

MATRIX 5/4 

= Operation Successful or 
Currently Running 

1= Device in Sleep mode or 

Pending Sleep 

1 = Operation Unsuccessful 

1 1 = Operation Unsuccessful or 
Aborted 

GSR.3 = QUEUE STATUS 

1 = Queue Full 

= Queue Available 

GSR.2 = PAGE BUFFER AVAILABLE STATUS 

1 = One or Two Page Buffers 

Available 

= No Page Buffer Available 

GSR.1 = PAGE BUFFER STATUS 

1 = Selected Page Buffer Ready 

= Selected Page Buffer Busy 

GSR.O = PAGE BUFFER SELECT STATUS 

1 = Page Buffer 1 Selected 
= Page Buffer Selected 



If operation currently running, then GSR.7 = 0. 
If device pending sleep, then GSR.7 = 0. 



Operation aborted: Unsuccessful due to Abort 
command. 



The device contains two Page Buffers. 



Selected Page Buffer is currently busy with WSM 
operation 



NOTE: 

1. When multiple operations are, queued, checking BSR.7 only provides indication of completion for that particular block. 
GSR.7 provides indication when all queued operations are completed. 
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4.7 Block Status Register 



BS 


BLS 


BOS 


BOAS 


OS 


VPPS 


VPPL 


R 



1 



BSR.7 



BLOCK STATUS 
1 = Ready 
= Busy 



BSR.6 = BLOCK LOCK STATUS 

1 = Block Unlocked for Write/Erase 

= Block Locked for Write/Erase 

BSR.5 = BLOCK OPERATION STATUS 

1 = Operation Unsuccessful 

= Operation Successful or Currently 

Running 

BSR.4 = BLOCK OPERATION ABORT STATUS 

1 = Operation Aborted 

= Operation Not Aborted 

MATRIX 5/4 

= Operation Successful or 
Currently Running 

1 = Not a Valid Combination 

1 = Operation Unsuccessful 
1 1 = Operation Aborted 

BSR.3 = QUEUE STATUS 

1 = Queue Full 

= Queue Available 

BSR.2 = Vpp STATUS 

1 = Vpp Error Detect, Operation Abort 

= Vpp OK 

BSR.1 = Vpp LEVEL 

1 = Vpp Detected at 5.0V ±10% 
= Vpp Detected at 12.0V ±5% 



NOTES: 

[1 ] RY/BY# output or BS bit must be checked to 
determine completion of an operation (Block Lock, 
Suspend, Erase or Data Write) before the appropriate 
Status bits (BOS, BLS) is checked for success. 



The BOAS bit will not be set until BSR.7 = 1 . 



Operation halted via Abort command. 



BSR.1 is not guaranteed to report accurate feedback 
between the Vppm and VppH2 voltage ranges. Writes 
and erases with Vpp between VppLK(nnax) and Vppm 
(min), between Vppm (max) and VppH2(niin), and above 
VppH2(nnax) produce spUrlous results and should not be 
attempted. 



BSR.O = RESERVED FOR FUTURE ENHANCEMENTS 

This bits Is reserved for future use; mask it out when polling the BSRs. 



NOTE: 

1 . When multiple operations are queued, checking BSR.7 only provides indication of completion for that particular block. 
GSR.7 provides indication when all queued operations are completed. 
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4.8 Device Configuration Code 



R 


R 


SFI2 


SFI1 


SFIO 


RB2 


RB1 


RBO 



NOTES: 

Default SFI Configuration on powerup or return from deep 
powerdown mode is 4, allowing system boot from the 
28F016XS at any frequency up to the device's maximum 
frequency. Undocumented combinations of SFI2-SFI0 are 
reserved by Intel Corporation for future implementations 
and should not be used. 



DCC.5-DCC.3 = SFI CONFIGURATION 
(SFI2.SFI0) 

001 = SFI Configuration 1 
010 = SFI Configuration 2 
Oil = SFI Configuration 3 
100 = SFI Configuration 4 
(Default) 

DCC.2-DCC.0 = RY/BY# CONFIGURATION 
(RB2-RB0) 

001 = Level Mode (Default) 
010 = Pulse-On-Write 
Oil = Pulse-On-Erase 

100 = RY/BY# Disabled 

101 = Pulse-On-Write/ Erase 

DCC.7-DCC.6 = RESERVED FOR FUTURE ENHANCEMENTS 

These bits are reserved for future use; mask them out when reading the Device Configuration Code. Set 

these bits to "0" when writing the desired RY/BY# configuration to the device. 



Undocumented combinations of RB2-RB0 are reserved by 
Intel Corporation for future implementatiofis and should not 
be used. 




4.9 SFI Configuration Tabie 



SFI 
Configuration 


Notes 


28F016XS-15 
Frequency (i\/IHz) 


28F016XS-20 
Frequency (MHz) 


28F016XS-25 
Frequency (I^Hz) 


4 


1,2 


66 (and below) 


50 (and below) 


40 (and below) 


3 


2 


50 (and below) 


37.5 (and below) 


30 (and below) 


2 


2 


33 (and below) 


25 (and below) 


20 (and below) 


1 


2 


16.7 (and below) 


12.5 (and below) 


10 (and below) 



NOTE: 

1. Default SFI^ Configuration after powerup or return from deep power-down mode via RP# low. 

2. SFI Configuration is retained if put In sleep mode via a Sleep or Abort Command. 
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5.0 ELECTRICAL SPECIFICATIONS 

5.1 Absolute Maximum Ratings'" 

Temperature Under Bias 0°C to + 80°C 

Storage Temperature 65°C to + 125°C 



intel 



NOTICE: This data sheet contains Information on 
products in the sampling and initial production phases 
of development. The specifications are subject to 
change without notice. Verify with your local Intel 
Sales office that you have the latest data sheet be- 
fore finalizing a design. 



* WARNING: Stressing the device beyond ttie "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions" is not recommended and ex- 
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 



Vcc ^ 3.3V ±0.3VSystems(5) 



Symbol 


Parameter 


Notes 


Min 


Max 


Units 


Test Conditions 


Ta 


Operating Temperature, Commercial 


1 





70 


°C 


Ambient Temperature 


Vcc 


Vcc with Respect to GND 


2 


-0.2 


7.0 


V 




Vpp 


Vpp Supply Voltage with 
Respect to GND 


2,3 


-0.2 


14.0 


V 




V 


Voltage on any Pin (except Vcc. Vpp) 
with Respect to GND 


2 


-0.5 


Vcc + 0.5 


V 




1 


Current into any Non-Supply Pin 






30 


mA 




'out 


Output Short Circuit Current 


4 




100 


mA 




Vcc = 5.1 


DV ±0.5VSystems(5) 






Symbol 


Parameter 


Notes 


Min 


Max 


Units 


Test Conditions 


Ta 


Operating Temperature, Commercial 


1 





70 


°C 


Ambient Temperature 


Vcc 


Vcc with Respect to GND 


2 


-0.2 


7.0 


V 




Vpp 


Vpp Supply Voltage with Respect to GND 


2,3 


-0.2 


14.0 


V 




V 


Voltage on ahy Pin (except Vcc. Vpp) \ 
Respect to GND 


mXh 


2 


-2.0 


7.0 


V 




1 


Current into any Non-Supply Pin 






30 


mA 




'out 


Output Short Circuit Current 


4 




100 


mA 





NOTES: 



Operating temperature is for commercial product defined by this specification. 

Minimum DC voltage is -0.5V on input/output pins. During transitions, this level may undershoot to -2.0V for periods 

<20 ns. Maximum pC voltage on input/output pins is Vcc+ 0.5V which may overshoot to Vcc + 2.0V for periods 

<20 ns. 

Maximum DC voltage on Vpp may overshoot to + 14.0V for periods <20 ns. 

Output shorted for no more than one second. No more than one output shorted at a time. 

AC specifications are valid at both voltage ranges. See DC Characteristics tables for voltage range-specific specifications. 
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5.2 Capacitance 

For a 3.3V ± 0.3V System: 



Symbol 


Parameter 


Notes 


Typ 


Max 


Units 


Test Conditions 


C|N 


Capacitance Looking into an 
Address/Control Pin 


1 


6 


8 


PF 


Ta = 25°C,f = 1.0 MHz 


COUT 


Capacitance Looking into an 
Output Pin 


1 


8 


12 


PF 
* 


Ta = 25*'C.f = I.OIVIHz 


Cload 


Load Capacitance Driven by 
Outputs for Timing Specifications 


1,2 




50 


pF 


Forthe28F016XS-20 
and28F016XS-25 


For 5.0V ± 0.5V System: 


Symbol 


Parameter 


Notes 


Typ 


Max 


Units 


Test Conditions 


C|N 


Capacitance Looking into 
an Address/Control Pin 


1 


6 


8 


pF 


Ta= 25*'C,f = 1.0 MHz 


COUT 


Capacitance Looking into an 
Output Pin 


1 


8 


12 


pF 


Ta= 25X,f = 1.0 MHz 


Cload 


Load Capacitance Driven by 
Outputs for Timing Specifications 


1.2 




100 


pF 


Forthe28F016XS.20 




30 


pF 


Forthe28F016XS-15 




NOTE: 

1. Sampled, not 100% tested. Guaranteed by design. 

2. Intel Is currently developing more accurate models for the Transient Equivalent Testing Load Circuits. For more informa- 
tion or to obtain IBIS models, please contact your local Intel/Distribution Sales Office. 

\ 
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5.3 Transient Input/Output Reference Waveforms 



Intel 



0.45- 



XS'HiX^ 



!.0 
INPUT X :> TEST POINTS < X OUTPUT 

1.8 



290532-7 

AC test inputs are driven at Vqh (2.4 VTTL) for a Logic "1" and Vql (0.45 VTTL) for a Logic "0." Input timing begins at 
V|H (2.0 VTTL) and V|l (0.8 VTTL). Output timing ends at V|h and V|l. Input rise and fall times (10% to 90%) <10 ns. 



Figurfe 7. Transient Input/Output Reference Waveform 
(Vcc = 5.0V ± 0.5V) for Standard Testing Configurationd) 



3.0- 



V1.5.4 TEST POINTS ►X^'' 



INPUT *1.5<4 TEST POINTS ►^I.S OUTPUT 

0.0 



290532-8 

AC test inputs are driven at 3.0V for a Logic "1" and O.OV for a Logic "0." Input timing begins, and output timing ends, at 
1.5V. Input rise and fall times (10% to 90%) <10 ns. 



Figure 8. Transient input/Output Reference Waveform (Vqc ^ 3.3V ± 0.3V) 
High Speed Reference Waveform(2) (Vcc = 5.0V ±0.5V) 

NOTES: 

1. Testing characteristics for 28F016XS-20 at 5V Vcc- 

2. Testing characteristics for 28F016XS-15 at 5V Vcc and 28F016XS-20/28F016XS-25 at 3.3V Vcc- 
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5.4 DC Characteristics 

Vcc = 3.3V ±0.3V, Ta = O-'C to +70X 



Symbol 




Notes 


Min 


Typ 


Max 


Units 


Test Conditions 


III 


Input Load Current 


1 






±1 


fxA 


Vcc = Vcc Max, 
V|N = VccorGND 


Ilo 


Output Leakage 
Current 


1 






±10 


fiA 


Vcc = Vcc Max, 
VoUT = Vcc or GND 


Ices 


Vcc Standby 
Current 


1,5 




70 


130 


ftA 


Vcc = VccMax, 

CEo#.CEi#,RP# = Vcc ±0.2V 
BYTE#,WP# = Vcc ± 0.2V 
or GND ± 0.2V 




1 


4 


mA 


Vcc = Vcc Max, 
CEo#,CEi#,RP# = V|H 
BYTE#,WP# = ViHOrViL 


•CCD 


Vcc Deep 

Power-Down 

Current 


1 




2 


5 


^lA 


RP# = GND ± 0.2V 

BYTE# = Vcc +0.2VorGND ±0.2V 


ICCR1 


Vcc Word/Byte 
Read Current 


1,4,5 




65 


85 


mA 


Vcc = Vcc Max 

CMOS:CEo#,CEi# = GND ±0.2V 
BYTE# = GND ± 0.2V or Vcc ±0.2V 
Inputs = GND ± 0.2V or Vcc ±0-2V 
4-Location Access 

Sequence: 3-1-1-1 (clocks) 
f = 25 MHz, Iqut = mA 


ICCR2 


Vcc Word/Byte 
Read Current 


1,4, 
5,6 




60 


75 


mA 


Vcc = Vcc Max 

CMOS:CEo#.CEi# = GND +0.2V 
BYTE# = GND ± 0.2V or Vcc ±0.2V 
Inputs = GND ± 0.2V or Vcc ±0-2V 
4-Location Access 

Sequence: 3-1-1-1 (clocks) 
f = 16 MHz, Iqut =OmA 


•ccw 


Vcc Write Current 


1.6 




8 


12 


mA 


Word/ Byte Write in Progress 
Vpp = 12.0V ±5% 




8 


17 


mA 


Word/Byte Write in Progress 
Vpp = 5.0V ±10% 


•CCE 


Vcc Block Erase 
Current 


1,6 




6 


12 


mA 


Block Erase in Progress 
Vpp= 12.0V ±5% 






9 


17 


mA 


Block Erase in Progress . 
Vpp = 5.0V ±10% 


•CCES 


Vcc Erase 
Suspend Current 


1.2 




3 


6 


mA 


CEo#.CEi# - V|H 
Block Erase Suspended 
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5.4 DC Characteristics (Continued) 

Vcc = 3.3V ±0.3V, Ta = 0°C to +70°C 



Intel 



Symbol 


Parameter 


Notes 


Min 


Typ 


Max 


Units 


Test Conditions 


ipps 

IPPR 


Vpp Standby/Read 
Current 


1 




±1 


±10 


.A 


Vpp ^ Vcc 




30 


50 


^A 


Vpp > Vcc 


'PPD 


Vpp Deep Power- 
Down Current 


1 




0.2 


5 


^A 


RP# = GND ±0.2V 


IppW 


Vpp Write Current 


1.6 




10 


15 


mA 


Vpp = 12.0V ±5% 
Word/Byte Write in Progress 




15 


25 


mA 


Vpp = 5.0V ±10% 
Word/Byte Write in Progress 


IPPE 


Vpp Erase Current 


1.6 




4 


10^ 


mA 


Vpp= 12.0V ±5% 
Block Erase In Progress 




14 


20 


mA 


Vpp = 5.0V ±10% 
Block Erase in Progress 


ipPES 


Vpp Erase 
Suspend Current 


1 




30 


50 


/xA 


Vpp = VppHi 0rVppH2. 

Block Erase Suspended 


V|L 


Input Low Voltage 


6 


-0.3 




0.8 


V 




V|H 


Input High Voltage 


6 


2.0 




Vcc 

+ 0.3 


V 




Vol 


Output Low 
Voltage 


6 






0.4 


V 


Vcc = Vcc Min and 
Iql = 4 mA 


V0H1 


Output High 
Voltage 


6 


2.4 






V 


Iqh = -2.0 mA 
Vcc = Vcc Min 


V0H2 




Vcc 

-0.2 


Iqh = -lOOjLiA 
Vcc = Vcc Min 


VppLK 


Vpp Erase/Write 
Lock Voltage 


3.6 


0.0 




1.5 


V 




VpPH1 


Vpp during Write/ Erase 
Operations 


3 


4.5 


5.0 


5.5 


V 




VppH2 


Vpp during Write/ Erase 
Operations 


3 


11.4 


12.0 


12.6 


V 




Vlko 


Vcc Erase/Write 
Lock Voltage 




2.0 






V 





NOTES: 

1. All currents are in RMS unless otherwise noted. Typical values at Vcc = 3-3V, Vpp = 12.0V or 5.0V, T = 25°C. These 

currents are valid for all product versions (package and speeds). 
2- Iqces is specified with the device de-selected. If the device is read while in erase suspend mode, current draw is the sum 

of Iqces ai^d Igor. 

3. Block Erases, Word/Byte Writes and Lock Block operations are inhibited when Vpp \ VppLK and not guaranteed in the 
ranges between Vpp|_K(max) and VppHi(mJn), between VppHi(max) and VppH2(nriin) and above VppH2(max). 

4. Automatic Power Savings (APS) reduces Iccr to 3 mA typical in static operation. 

5. CMOS Inputs are either Vcc ±0.2V or GND +0.2V. TTL Inputs are either V|l or V|h. 

6. Sampled, but not 100% tested. Guaranteed by design. 
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5.5 DC Characteristics 

Vcc = 5.0V ±0.5V, Ta = OX to +70°C 



Symbol 


Parameter 


Notes 


Min 


Typ 


Max 


Units 


Test Conditions 


Ili 


Input Load Current 


1 






±1 


^A 


Vcc = Vcc Max 
V|N= VccorGND 


Ilo 


Output Leakage 
Current 


1 






±10 


jaA 


Vcc = Vcc Max 
Vqut = Vcc or GND 


'ccs 


Vcc Standby 
Current 


1,5 




70 


130 


;xA 


Vcc= Vcc Max 

CEo#, CEi #. RP# = Vcc ± 0.2V 

BYTE#, WP# = Vcc ±0.2VorGND ±0.2V 




2 


4 


mA 


Vcc = Vcc Max 
CEo#,CEi#,RP# = V|H 
BYTE#,WP# = V|HOrV|L 


'CCD 


Vcc Deep Power- 
Down Current 


1 




2 


5 


/.A 


RP# = GND ±0.2V 

BYTE# = Vcc ± 0.2V or GND ±0.2V 


ICCR1 


Vcc Read Current 


1.4,5 




120 


175 


mA 


Vcc = Vcc Max, 

CMOS:CEo# .CEi# = GND ±0.2V 
BYTE# = GND ± 0.2V or Vcc ±0-2V 
Inputs = GND ± 0.2V or Vcc ±0.2V 
4-Location Access 

Sequence: 3-1-1-1 (clocks) 
f = 33 MHz, Iqut = mA 


•CCR2 


Vcc Read Current 


1,4. 
5.6 




105 


150 


mA 


Vcc = Vcc Max. 

CMOS:CEo#,CEi# = GND +0.2V 
BYTE# = GND ± 0.2V or Vcc ±0.2V 
Inputs = GND ± 0.2V or Vcc ±0.2V 
4-Location Access 

Sequence: 3-1-1-1 (clocks) 
f = 20 MHz, Iqut = mA 


iccw 


Vcc Write Current 


1,6 




25 


35 


mA 


Word/Byte in Progress 
Vpp= 12.0V ±5% 




25 


40 


mA 


Word/Byte in Progress 
Vpp = 5.0V ±10% 


'CCE 


Vcc Erase 
Suspend Current 


1,6 




18 


25 


mA 


Block Erase in Progress 
Vpp= 12.0V ±5% 




20 


30 


mA 


Block Erase in Progress 
Vpp = 5.0V ±10% 


'CCES 


Vcc Block Erase 
Current 


1,2 




5 


10 


mA 


CEo#.CEi# = V|H 
Block Erase Suspended 
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5.5 DC Characteristics (Continued) 

Vcc = 5.0V ±0.5V, Ta = ox to +70°C 



Intel 



Symbol 


Parameter 


Notes 


Min 


Typ 


Max 


Units 


Test Conditions 


•pps 

IPPR 


Vpp Standby/Read 
Current 


1 




±1 


± 10 


^A 


Vpp ^ Vcc 




30 


50 


^A 


Vpp > Vcc 


'PPD 


Vpp Deep Power- 
Down Current 


1 




0.2 


5 


/xA 


RP# = GND ±0.2V 


IppW 


Vpp Write Current 


1,6 




7 


12 


mA 


Vpp= 12.0V ±5% 
Word/Byte Write in Progress 




17 


22 


mA 


Vpp = 5.0V ±10% 
Word/Byte Write in Progress 


IPPE 


Vpp Block Erase 
Current 


1,6 




5 


10 


mA 


Vpp = 12.0V ±5% 
Block Erase in Progress 




16 


20 


mA 


Vpp = 5.0V ±10% 
Block Erase in Progress 


IPPES 


Vpp Erase 
Suspend Current 


1 




30 


50 


^lA 


Vpp = VppHi orVppH2, 
Block Erase Suspended 


V|L 


Input Low Voltage 


6 


-0.5 




0.8 


V 




V|H 


Input High Voltage 


6 


2.0 




Vcc 

+ 0.5 


V 




Vol 


Output Low 
Voltage 


6 






0.45 


V 


Vcc = Vcc Min 
Iql = 5.8 mA 


V0H1 


Output High 
Voltage 


6 


0.85 

Vcc 






V 


Iqh = -2.5 mA 
Vcc = Vcc Min 


V0H2 


Vcc 

-0.4 


Iqh = -lOOjLiA 
Vcc = Vcc Min 


VpPLK 


Vpp Write/ Erase 
Lock Voltage 


3.6 


0.0 




1.5 


V 




VpPH1 


Vpp during Write/ Erase 
Operations 




4.5 


5.0 


5.5 


V 




VppH2 


Vpp during Write/ Erase 
Operations 




11.4 


12.0 


12.6 


V 




VlkO 


Vcc Write/ Erase 
Lock Voltage 




2.0 






V 





NOTES: 

1. All currents are in RMS unless othenvise noted. Typical values at Vcc = 5.0V, Vpp = 12.0V or 5.0V, T ^ 25°C. These 
currents are valid for all product versions (package and speeds). 

2. IcCES is specified witii the device de-selected. If the device is read while in erase suspend mode, current draw is the sum 
of Iqces and IccR- 

3. Block Erases, Word/ Byte Writes and Lock Block operations are inhibited when Vpp <. Vpplk and not guaranteed in the 
ranges between VppLK(max) and VppHi(min), between VppHi(max) and VppH2(min) and above VppH2(rnax). 

4. Automatic Power Saving (APS) reduces IccR to 1 mA typical in Static operation. 

5. CMOS Inputs are either Vcc ±0.2V or GND ±0.2V. TTL Inputs are either V|l or V|h. 

6. Sampled, but not 100% tested. Guaranteed by design. 
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5.6 Timing Nomenclature 

All 3.3V system timings are measured from where signals cross 1 .5V. 

For 5.0V systems, use the standard JEDEC cross point definitions (standard testing) or from where signals 
cross 1 .5V (high speed testing). 

Each timing parameter consists of 5 characters. Some common examples are defined below: 

tELCH time(t) from CE# (E) going low (L) to CLK (C) going high (H) 

UvcH time(t) from address (A) valid (V) to CLK (C) going high (H) 

twHDX time(t) from WE# (W) going high (H) to when the data (D) can become undefined (X) 





Pin Characters 




Pin States 


A 


Address Inputs 


H 


High 


C 


CLK (Clock) 


L 


Low 


D 


Data Inputs 


V 


Valid 


Q 


Data Outputs 


X 


Driven, but Not Necessarily Valid 


E 


CE# (Chip Enable) 


z 


High Impedance 


F 


BYTE# (Byte Enable) 


L 


Latched 


G 


0E# (Output Enable) 






W 


WE# (Write Enable) 






P 


RP# (Deep Power-Down Pin) 






R 


RY/BY# (Ready Busy) 






V 


ADV# (Address Valid) 






5V 


Vcc at 4.5V Minimum 






3V 


Vcc at 3.0V Minimum 




, 
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5.7 AC Characteristics— Read Oniy OperationsCi) 

Vcc = 3.3V +0.3V, Ta = 0°C to +70''C 



Intel 



Versions^) 


28F016XS-20 


28F016XS-25 


Units 


Symbol 


Parameter 


Notes 


Min 


Max 


Min 


Max 


^CLK 


CLK Frequency 


7 ^ 




50 




40 


MHz 


tCLK 


CLK Period 




20 




25 




ns 


tCH 


CLK High Time 




6 




8.5 




ns 


tCL 


CLK Low Time 




6 




8.5 




ns 


tCLCH 


CLK Rise Time 






4 




4 


ns 


tCHCL 


CLK Fall Time 






4 




4 


ns 


tELCH 


CEx# Setup to CLK 


6 


25 




35 




ns 


tVLCH 


ADV# Setup to CLK 




20 




25 




ns 


UVCH 


Address Valid to CLK 




20 




25 




ns 


tCHAX 


Address Hold from CLK 














ns 


tCHVH 


ADV# Hold from CLK 














ns 


tQLCH 


0E# Setup to CLK 




20 




25 




ns 


tCHQV 


CLK to Data Delay 






30 




35 


ns 


tpHCH 


RP# High to CLK 




480 




480 




ns 


tCHQX 


Output Hold from CLK 


2 


6 




6 




ns 


tELQX 


CEx# to Output Low Z 


2.6 












ns 


tEHQZ 


CEx*# High to Output High Z 


2,6 




30 




30 


ns 


tGLQX 


0E# to Output Low Z 


2 












ns 


tGHQZ 


0E# High to Output High Z 


2 




30 




30 


ns 


tOH 


Output Hold from CEx# or 0E# 
Change, Whichever Occurs First 


6 












ns 
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5.7 AC Characteristics — Read Oniy Operations(i) (Continued) 

Vcc = 5.0V ±0.5V, Ta = OX to +70°C 



Verslons(3) 


28F016XS-15(4) 


28F016XS-20(5) 


Units 


Symbol 


Parameter 


Notes 


Min 


Max 


Min 


Max 


fCLK 


CLK Frequency 


7 




66 




50 


MHz 


tCLK 


CLK Period 




15 




20 




ns 


tCH 


CLK High Time 




3.5 




6 




ns 


tCL 


CLK Low Time 




3.5 




6 




ns 


tCLCH 


CLK Rise Time 






4 




4 


ns 


tCHCL 


CLK Fall Time 






4 




4 


ns 


tELCH 


CEx# Setup to CLK 


6 


25 




30 




ns 


tVLCH 


ADV# Setup to CLK 




15 




20 




ns 


tAVCH 


Address Valid to CLK 




15 




20 




ns 


tCHAX 


Address Hold from CLK 














ns 


tCHVH 


ADV# Hold from CLK 














ns 


tQLCH 


0E# Setup to CLK 




15 




20 




ns 


tCHQV 


CLK to Data Delay 






20 




30 


ns 


tpHCH 


RP# High to CLK 




300 




300 




ns 


tCHQX 


Output Hold from CLK 


2 


5 




5 




ns 


tELQX 


CEx# to Output Low Z 


2,6 












ns 


tEHQZ 


CEx# High to Output High Z 


2,6 




30 




30 


ns 


tGLQX 


0E# to Output Low Z 


2 












ns 


tQHQZ 


0E# High to Output High Z 


2 




30 




30 


ns 


tOH 


Output Hold from CEx# or 0E# 
Change, Whichever Occurs First 


6 












ns 



NOTES: 

1 . See AC Input/Output Reference Waveforms for timing measurements. 

2. Sampled, not 100% tested. Guaranteed by design. 

3. Device speeds are defined as: 

15 ns at Vcc = 5.0V equivalent to 
20 ns at Vcc = 3.3V 
20 ns at Vcc = 5.0V equivalent to 
25 ns at Vcc = 3.3V 

4. See the high speed AC Input/Output Reference Waveforms. 

5. See the standard AC Input/Output Reference Waveforms. 

6. CEx# is defined as the latter of CEo# or CEi # going low, or the first of CEo# or CEi # going high. 

7. Page buffer reads are valid at any frequency up to the corresponding SFI Configuration setting of 2. Page buffer reads 
above this frequency may produce invalid results and should not be attempted. See Section 4.9 for SFI Configuration 
frequency settings. 
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Figure 9. CLK Waveform 
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NOTE: 

1. The 28F016XS can sustain an endless burst access assuming alternating bank accesses; the length of the burst 
access is dictated by the control CPU or bus architecture. 



Figure 10. Read Timing Waveform(i) (SFI Configuration = 1, Aiternate-Bank Accesses) 
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CLK 
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*CH) 



% 



*AVCH 

1: 










- 2 CLK Period* 




VLGH 



CEx# 



OE# 



^ ' 







^EHQZ-> 



"L_ 



tGLCH; 

N — ->^ 



*OHi 



*GLQX' 



Even 
— ► 



' Odd 



' Even 




_J 





, tCHQX 



tCHQV 




*GHQZ 



290532-11 



NOTE: 

1. The 28F016XS can sustain an endless burst access assuming alternating bank accesses; the length of the burst 
access Is dictated by the control CPU or bus architecture. 




Figure 11. Read Timing Waveform(i) (SFI Configuration == 2, Alternate-Bank Accesses) 
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%HQZ 



feHQZ 



NOTES: 

1. The 28F016XS can sustain an endless burst access assuming alternating bank accesses; the length of the burst 
access is dictated by the control CPU or bus architecture. 

2. Depending on the actual operation frequency, a consecutive alternating bank access can be initiated one clock period 
earlier. See AP-398 for further information. 



Figure 12. Read Timing Waveform(i) (SFI Configuration = 3, Alternate-Banit Accesses) 
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290532-13 

NOTE: 

1. The 28F016XS can sustain an endless burst access assuming alternating bank accesses; the length of the burst 
access is dictated by the control CPU or bus architecture. 




Figure 13. Read Timing Waveform(i) (SFI Configuration = 4, Alternating Banl( Accesses) 
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5.8 AC Characteristics for WE#-Controiied Write Operations(i) 

Vcc = 3.3V ±0.3V, Ta = 0°C to +70°C 



Intel 



Versions 


28F016XS-20 


28F016XS-25 


Unit 


Symbol 


Parameter 


Notes 


Min 


Typ 


Max 


Min 


Typ 


Max 


UVAV 


Write Cycle Time 




75 






75 






ns 


tVPWH 


VppSetuptoWE# 
Going High 


3 


100 






100 






ns 


tpHEL 


RP# Setup to CEx# 
Going Low 


3,7 


480 






480 






ns 


tELWL 


CEx# Setup to WE# 
Going Low 


3.7 
















ns 


tAVWH 


Address Setup to WE # 
Going Higli 


2,6 


60 






60 






ns 


toVWH 


Data Setup to WE # 
Going Higli 


2,6 


60 






60 




' 


ns 


tWLWH 


WE # Pulse Width 




60 






60 






ns 


tWHDX 


Data Hold from WE # High 


2 


5 






5 






ns 


tWHAX 


Address Hold from 
WE# High 


2 


5 






5 






ns 


tWHEH 


CEx# hold from WE # High 


3,7 


5 






5 






ns 


tWHWL 


WE# Pulse Width High 




15 






15 






ns 


tQHWL 


Read Recovery 
before Write 


3 
















ns 


tWHRL 


WE#HightoRY/BY# 
Going Low 


3 






100 






100 


ns 


tRHPL 


RP# Hold from Valid Status 
Register (CSR, GSR, BSR) 
data and RY/BY# High 


3 
















ns 


tpHWL 


RP# High Recovery 
to WE # Going Low 


3 


480 






480 






ns 


tWHCH 


Write Recovery 
before Read 


3 


20 






20 






ns 


tQVVL 


Vpp Hold from Valid Status 
Register (CSR, GSR, BSR) 
Data and RY/BY# High 


3 
















/xs 


tWHQVI 


Duration of Word/ Byte 
Write Operation 


3,4,5 


5 


9 


TBD 


5 


9 


TBD 


i^s 


tWHQV2 


Duration of Block 
Erase Operation 


3,4 


0.6 


1.6 


20 


0.6 


1.6 


20 


sec 
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5.8 AC Characteristics for WE#— Controiied Write Operations(i) (Continued) 

Vcc = 5.0V ±0.5V, Ta = 0°C to +70°C 



Versions 


28F016XS-15 


28F016XS-20 


Unit 


Symbol 


Parameter 


Notes 


Min 


Typ 


Max 


Min 


Typ 


Max 


tAVAV 


Write Cycle Time 




65 






65 






ns 


tVPWH 


VppSetuptoWE# 
Going High 


3 


100 






100 






ns 


tpHEL 


RP# Setup to CEx# Going Low 


3,7 


300 






300 






ns 


tELWL 


CEx#SetuptoWE# 
Going Low 


3,7 
















ns 


tAVWH 


Address Setup to WE # 
Going High 


2.6 


50 






50 






ns 


toVWH 


Data Setup to WE# Going High 


2,6 


50 






50 






ns 


tWLWH 


WE # Pulse Width 




50 






50 






ns 


tWHDX 


Data Hold from WE # High 


2 
















ns 


tWHAX 


Address Hold from WE# High 


2 


5 






5 






ns 


tWHEH 


CEx# hold from WE # High 


3.7 


5 






5 






ns 


tWHWL 


WE# Pulse Width High 




15 






15 






ns 


tQHWL 


Read Recovery 
before Write 


3 
















ns 


tWHRL 


WE#HightoRY/BY# 
Going Low 


3 






100 






100 


ns 


tRHPL 


RP# Hold from Valid Status 
Register (CSR, GSR. BSR) 
data and RY/BY# High 


3 
















ns 


tpHWL 


RP# High Recovery 
toWE# Going Low 


3 


300 






300 






ns 


tWHCH 


Write Recovery 
before Read 


3 


20 






20 






ns 


tQVVL 


Vpp Hold from Valid Status 
Register (CSR. GSR. BSR) 
Data and RY/BY# High 


3 
















lis 


tWHQVl 


Duration of Word/Byte 
Write Operation 


3,4.5 


4.5 


6 


TBD 


4.5 


6 


TBD 


JXS 


tWHQv2 


Duration of Block 
Erase Operation 


3.4 


0.6 


1.2 


20 


0.6 


1.2 


20 


sec 



NOTES: 

1 . Read timings during Write and Erase are the same as for normal read. 

2. Refer to command definition tables for valid address and data values. 

3. Sampled, but not 100% tested. Guaranteed by design. 

4. Write/ Erase durations are, measured to valid Status Register (CSR) Data. 

5. Word/ Byte Write operations are typically performed with 1 Programming Pulse. 

6. Address and Data are latched on the rising edge of WE# for all Command Write operations. 

7. CEx# is defined as the latter of CEo# or CEi # going low, or the first of CEo# or CEi # going high. 
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WRITE VALID ADDRESS 
& DATA (DATA-WRITE) OR 
ERASE CONFIRM COMMAND 



ADDRESSES (A) 
NOTE1 




NOTES: 

1. This address string depicts Data Write/Erase cycles with corresponding verification via ESRD. 

2. This address string depicts Data Write/Erase cycles with corresponding verification via CSRD. 

3. This cycle is invalid when using CSRD for verification during Data Write/Erase operations. 

4. CEx# is defined as the latter of CEo# or CEi # going low or the first of CEo# or CEi # going high. 

5. RP# low transition is only to show tpHPi; not valid for above Read and Write cycles. 

6. Data Write/ Erase cycles are asynchronous; CLK and ADV# are Ignored. 

7. Vpp voltage during Data Write/Erase operations valid at both 12.0V and 5.0V. 

8. Vpp voltage equal to or below Vpplk provides complete flash memory array protection. 



Figure 14. AC Waveforms for WE # Command Write Operations, iiiustrating a 
Two Command Write Sequence Foliowed by a Extended Status Register Read 
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5.9 AC Characteristics for CEx#— Controiled Write OperationsC^) 

Vcc = 3.3V ±0.3V, Ta = 0°C to +70°C 



Versions 


28F016XS-20 


28F016XS-25 


Unit 


Symbol 


Parameter 


Notes 


Min 


Typ 


Max 


Min 


Typ 


Max 


tAVAV 


Write Cycle Time 




75 






75 






ns 


tvPEH 


Vpp Setup to CEx# 
Going High 


3,7 


100 






100 






ns 


tpHWL 


RP#SetuptoWE# 
Going Low 


3 


480 






480 






ns 


tWLEL 


WE#SetuptoCEx# 
Going Low 


3,7 
















ns 


tAVEH 


Address Setup to CEx# 
Going High 


2,6,7 


60 






60 






ns 


toVEH 


Data Setup to CEx# 
Going High 


2,6,7 


60 






60 






ns 


tELEH 


CEx# Pulse Width 


7 


60 






60 






ns 


tEHDX 


Data Hold from CEx# High 


2,7 


10 






10 






ns 


tEHAX 


Address Hold from 
CEx# High 


2,7 


10 






10 






ns 


tEHWH 


WE hold from CEx# High 


3,7 


5 






5 






ns 


tEHEL 


CEx# Pulse Width High 


7 


15 






15 






ns 


tGHEL 


Read Recovery 
before Write 


3 
















ns 


tEHRL 


CEx#HightoRY/BY# 
Going Low 


3,7 






100 






100 


ns 


tRHPL 


RP# Hold from Valid Status 
Register (CSR. GSR, BSR) 
Data and RY/BY# High 


3 
















ns 


tpHEL 


RP# High Recovery to 
CEx# Going Low 


3,7 


480 






480 






ns 


tEHCH 


Write Recovery 
before Read 


3 


20 






20 






ns 


tQVVL 


Vpp Hold from Valid Status 
Register (CSR, GSR, BSR) 
Data and RY/BY# High 


3 
















fxS 


tEHQVI 


Duration of Word/Byte 
Write Operation 


3,4,5 


5 


9 


TBD 


5 


9 


TBD 


ixs 


tEHQV2 


Duration of Block 
Erase Operation 


3,4 


0.6 


1.6 


20 


0.6 


1.6 


20 


sec 
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5.9 AC Characteristics for CEx# Controlled Write Operations(i) (Continued) 

Vcc = 5.0V ±0.5V, Ta = 0*'C to -\-70'C 



Versions 


28F016XS-15 


28F016XS-20 


Unit 


Symbol 


Parameter 


Notes 


Min 


Typ 


Max 


Min 


Typ 


Max 


tAVAV 


Write Cycle Time 




60 






60 






ns 


tPHWL 


RP# Setup to WE# Going Low 


3 


300 






300 






ns 


tVPEH 


Vpp Setup to CEx# 
Going Low Going High 


3,7 


100 






100 






ns 


tWLEL 


WE#SetuptoCEx# 
Going Low 


3,7 
















ns 


tAVEH 


Address Setup to CEx# 
Going Higli 


2,6,7 


45 






45 






ns 


toVEH 


Data Setup to CEx# Going High 


2,6,7 


45 






45 






ns 


tELEH 


CEx# Pulse Width 


7 


45 






45 






ns 


tEHDX 


Data Hold from 
Going HighCEx# High 


2,7 
















ns 


tEHAX 


Address Hold from CEx# High 


2,7 


5 






5 






ns 


tEHWH 


WE hold from CEx# High 


3,7 


5 






5 






ns 


tEHEL 


CEx# Pulse Width High 


7 


15 






15 






ns 


tQHEL 


Read Recovery 
before Write 


3 
















ns 


tEHRL 


CEx#HightoRY/BY# 
Going Low 


3,7 






100 






100 


ns 


tRHPL 


RP# Hold from Valid Status 
Register (CSR, GSR, BSR) 
Data and RY/BY# High 


3 
















ns 


tpHEL 


RP# High Recovery to 
CEx# Going Low 


3.7 


300 






300 






ns 


tEHCH 


Write Recovery 
before Read 


3 


20 






20 






ns 


tQVVL 


Vpp Hold from Valid Status 
Register (CSR, GSR. BSR) 
DataandRY/BY#High 


3 
















^s 


tEHQVl 


Duration of Word/Byte 
Write Operation 


3.4.5 


4.5 


6 


TBD 


4.5 


6 


TBD 


ixs 


tEHQv2 


Duration of Block 
Erase Operation 


3.4 


0.6 


1.2 


20 


0.6 


1.2 


20 


sec 



NOTES: 

1 . Read timings during Write and Erase are the same as for normal read. 

2. Refer to command definition tables for valid address and data values. 

3. Sampled, but not 100% tested. Guaranteed by design. 

4. Write/ Erase durations are measured to valid Status Register (CSR) Data. 

5. Word/Byte Write operations are typically performed with 1 Programming Pulse. 

6. Address and Data are latched on the rising edge of WE# for all Command Write operations. 

7. CEx# is defined as the latter of CEo# or CEi # going low, or the first of CEo# or CEi # going high. 
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DEEP WRITE DATA-WRITE OH «^A?f /n'i^'? ili^c^il^B AUTOMATED DATA-WHITE WHITE READ EXTENDED I HEAD EXTENDED 

IWEB-DOWN ERASE SETUP COMMAND ERASE CONFIRM wiSJwND OH ERASE DELAY REGISTER COMMAND STATUS REQI9TEH DAT 



POWER-DOWN ERASE SETUP COMMAND 



OH ERASE DELAY REGISTER COMMAND STATUS REGISTER DATA 



— :?»mffiW - JfflfflMWWK - MfflSM 
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'eHAX 1 READ COMPATIBLE 

STATUS REGISTER DATA 
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r" AVAV 
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2 
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NOTES: 

1 . This address string depicts Data Write/ Erase cycles with corresponding verification via ESRD. 

2. This address string depicts Data Write/Erase cycles with corresponding verification via CSRD. 

3. This cycle is invalid when using CSRD for verification during Data Write/Erase operations. 

4. CEx^ is defined as the latter of CEo# or CE-j # going low or the first of CEo# or CEi # going high. 

5. RP# low transition is only to show tpHPLl not valid for above Read and Write cycles. 

6. Data Write/Erase cycles are asynchronous; CLK and ADV# are Ignored. 

7. Vpp voltage during Data Write/Erase operations valid at both 12.0V and 5.0V. 

8. Vpp voltage equal to or below VppLK provides complete flash memory array protection. 



Figure 15. AC Waveforms for CEx#^Controlled Write Operations, illustrating a 
Two Command Write Sequence Followed by a Extended Status Register Read 
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5.10 AC Characteristics for WE#— Controiled Page Buffer Write Operations(i) 

Vcc = 3.3Y;±0.3V, Ta = 0°C to +70°C 



Versions 


28F016XS-20 


28F016XS-25 


Unit 


Symbol 


Parameter 


Notes 


Min 


Typ 


Max 


Min 


Typ 


mx 


tAVWL 


Address Setup to WE # 
Going Low 


2 









. 






ns 



Vcc = 5.0V ±0.5V. Ta = 0°C to +70°C 



Versions 


28F016XS-15 


28F016XS-'20 


Unit 


Symboi 


Parameter 


Notes 


Min 


Typ 


Max 


Min 


Typ 


Max 


tAVWL 


Address Setup to WE # 
Going Low 


2 
















ns 



NOTES: 

1. Ail other specifications for WE # Controlled Page Buffer Write Operations see Section 5.8. 

2. Address must be valid during the entire WE# low pulse. 



CEx#(E) 
N0TE1 



WE# (W) 



V '^ 



ADDRESSES (A) 

v.. 







J- 



I 
J 



< — ► 



t WHWL 



"^^ 



' WHAX 

< ► 



c 




DATA (D/Q) 



NOTE: 



WHDX 

-WW — H 



^. 



D|N 
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1. CEx# is defined as the latter of CEo# or CEi # going low, or the first of CEo# or CEi # going high. 



Figure 16. WE#—- Controiled Page Buffer Write Timing Waveforms 
(Loading Data to tiie Page Buffer) 
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5.1 1 AC Characteristics for CEx#— Controiled Page Buffer Write Operations 

Vcc = 3.3V ±0.3V, Ta = 0°C to +70''C 



NOTES: 

1. All other specifications for CEx# Controlled Page Buffer Write Operations see Section 5.9. 

2. Address must be valid during the entire CE# low pulse. 

3. CEx# is defined as the latter of CEo# or CE-j # going low, or the first of CEo# or CEi # going high. 



Versions 


28F016XS-20 


28F016XS-25 


Unit 


Symbol 


Parameter 


Notes 


Min 


Typ 


Max 


Min 


Typ 


Max 


tAVEL 


Address Setup to CEx# 
Going Low 


2,3 
















ns 


Vcc = 5.0V ±0.5V. Ta = 0°C to +70°C 


Versions 


28F016XS-15 


28F016XS-20 


Unit 


Symbol 


Parameter 


Notes 


Min 


Typ 


Max 


Min 


Typ 


Max 


tAVEL 


Address Setup to CEx# 
Going Low 


2,3 
















ns 



WE#(W) 



"I. 



CEx# (E) 
N0TE1 



ADDRESSES (A) 

v.. 




_ 

ft 



r 



/ 



< — ► 



"i. 



EHAX 
< ► 



.c 



x_ 




DATA (D/Q) 



EHDX 

-¥(H — H 



.C 



1 



> 
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NOTE: 

1. CEx# is defined as the latter of CEo# or CEi # going low, or the first of CEo# or CEi # going high. 



Figure 17. CEx#— Controlled Page Buffer Write Timing Waveforms 
(Loading Data to the Page Buffer) 
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5.12 Power-Up and Reset Timings 












Vqq POWER-UP 

RP# 
(P) 

VqC OV 
(3V,5V) 

NOTE: 

For read timing 


1 




/ 

*PL5V 


4.5V 


/ 

5.0V 




1 

1 3,3V 


1 

1 
1 

1 


r 


» *5VPH 


290532-18 


. — ^"^ ki 


1 
1 


*3VPH ' 

s following reset see Section 5.7. 








—Pi 



Figure 18. Vcc Power-Up and RP# Reset Waveforms 



Symbol 


Parameter 


Notes 


Min 


Max 


Unit 


tpL5V 


RP# Low to Vcc at 4.5V (Minimum) 


2 







/xs 


tpL3V 


RP# Low to Vccat 3.0V (Minimum) 


2 







^s 


tsVPH 


Vcc at 4.5V Minimum) to RP# High 


1 


2 




M-s 


taVPH 


Vcc at 3.0V (Minimum) to RP# High 


1 


2 




/xs 



NOTES: 

1 . The tsvPH and/or tsvpH times must be strictly followed to guarantee all other read and write specifications for the 
28F016XS. 

2. The power supply may start to switch concurrently with RP# going low. 
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5.13 Erase and Word/Byte Write Performance(3>5) 

Vcc = 3.3V ±0.3V, Vpp = 5.0V ±0.5V, Ta = 0°C to +70°C 



Symbol 


Parameter 


Notes 


Min 


Typd) 


Max 


Units 


Test Conditions 




Page Buffer Byte Write Time 


2 


TBD 


6.0 


TBD 


/XS 






Page Buffer Word Write Time 


2 


TBD 


^2.1 


TBD 


/XS 




tWHRHIA 


Byte Write Time 


2 


TBD 


16.5 


TBD 


fxS 




tWHRHIB 


Word Write Time 


2 


TBD 


24.0 


TBD 


fXS 




tWHRH2 


Block Write Time 


2 


TBD 


2.2 


TBD 


sec 


Byte Write Mode 


tWHRH3 


Block Write Time 


2 


TBD 


1.6 


TBD 


sec 


Word Write Mode 




Block Erase Time 


2 


TBD 


2.8 


TBD 


sec 






Full Chip Erase Time 


2 


TBD 


44.8 


TBD 


sec 






Time From Erase 
Suspend Command to 
WSM Ready 


4 


TBD 


10 


TBD 


ixs 




Vcc = 3.3V +0.3V, Vpp = 12.0V ±0.6V, Ta = 0°C to +70°C 


Symbol 


Parameter 


Notes 


Min 


Typd) 


Max 


Units 


Test Conditions 




Page Buffer Byte Write Time 


2 


TBD 


2.2 


TBD 


/XS 






Page Buffer Word Write Time 


2 


TBD 


4.4 


TBD 


lis 




tWHRHI 


Word/Byte Write Time 


2 


5 


9 


TBD 


lis 




tWHRH2 


B^ock Write Time 


2 


TBD 


1.2 


4.2 


sec 


Byte Write Mode 


tWHRH3 


Block Write Time 


2 


TBD 


0.6 


2.0 


sec 


Word Write Mode 




Block Erase Time 


2 


0.6 


1.6 


20 


sec 






Full Chip Erase Time 


2 


TBD 


25.6 


TBD 


sec 






Time From Erase 
Suspend Command to 
WSM Ready 


4 


TBD 


10 


TBD 


lis 
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5.13 Erase and Word/Byte Write Performance(3'^) (Continued) 

Vcc = 5.0V +0.5V, Vpp = 5.0V ±0.5V, Ta = 0*^0 to +70''C 



intel 



Symbol 


Parameter 


Notes 


Min 


Typd) 


Max 


Units 


Test Conditions 




Page Buffer Byte 
Write Time 


2 


TBD 


6.0 


TBD 


IXS 






Page Buffer Word 


2 


TBD 


12.1 


TBD 


fXS 


Write Time 


tWHRHIA 


Byte Write Time 


2 


TBD 


11 


TBD 


fxs 




tWHRHIB 


Word Write Time 


2 


TBD 


16 


TBD 


fXS 




tWHRH2 


Block Write Time 


2 


TBD 


1.6 


TBD 


sec 


Byte Write Mode 


tWHRH3 


Block Write Time 


2 


TBD 


1.2 


TBD 


sec 


Word Write Mode 




Block Erase Time 


2 


TBD 


2.0 


TBD 


sec 






Full Chip Erase Time 


2 


TBD 


32.0 


TBD 


sec 






Time From Erase 
Suspend Command to 
WSM Ready 


4 


TBD 


10 


TBD 


lis 





Vcc = 5.0V ±0.5V, Vpp = 12.0V +0.6V, 


Ta = 0**Cto +70''C 








Symbol 


Parameter 


Notes 


Min 


Typd) 


Max 


Units 


Test Conditions 




Page Buffer Byte Write Time 


2 


TBD 


2.1 


TBD 


/xs 


/ 




Page Buffer Word Write Time 


2 


TBD 


4.1 


TBD 


lis 




tWHRHI 


Word/Byte Write Time 


2 


4.5 


6 


TBD 


JLLS 




tWHRH2 


Block Write Time 


2 


TBD 


0.8 


4.2 


sec 


Byte Write Mode 


tWHRH3 


Block Write Time 


2 


TBD 


0.4 


2.0 


sec 


Word Write Mode 




Block Erase Time 


2 


0.6 


1.2 


20 


sec 






Full Chip Erase Time 


2 


TBD 


19.2 


TBD 


sec 






Time From Erase 
Suspend Command to 
WSM Ready 


4 


TBD 


10 


TBD 


lis 





NOTES: 

1 . 25X, and nominal voltages. 

2. Excludes system-level overhead, 

3. These performance numbers are valid for all speed versions. 

4. Specification applies to interrupt latency for Single Block Erase. Suspend latency for Erase All Unlocked Block operation 
typically extends erase suspend latency time to 140 jlis. 

5. Sampled, but not 100% tested. Guaranteed by design. 
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6.0 MECHANICAL SPECIFICATIONS 



Jm 


o ° 

O O 


=1 








4 


D 


-► 




'i 




SEE DETAIL A 



a 



B 
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Figure 19. Mechanical Specifications of the 28F016XS 56-Lead TSOP Type I Package 



Family: Thin Small Out-Line Package 


Symbol 


Millimeters 


Notes 


Minimum 


Nominal 


Maximum 


A 






1.20 




Ai 


0.50 








A2 


0.965 


0.995 


1.025 




b 


0.100 


0.150 


0.200 




c 


0.115 


0.125 


0.135 




Di 


18.20 


18.40 


18.60 




E 


13.80 


14.00 


14.20 




e 




0.50 






D 


19.80 


20.00 


20.20 




L 


0.500 


0.600 


0.700 




N 




56 









0° 


3° 


5" 




Y 






0.100 




Z 


0.150 


0.250 


0.350 
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DEVICE NOMENCLATURE AND ORDERING INFORMATION 



Intel 



Product line designator for all Intel Flash products 



E28F016XS-15 



Package 

E = TSOP 



Period of Maximum CLK 
Input Frequency (ns) 

Device Type 

S = Synchronous Pipelined 
Interface 
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Option 


Order Code 


Valid Combinations 


Vcc = 3.3V ±0.3V, 

50 pF load, 
1.5V I/O Levels(i) 


Vcc = 5.0V ± 10%, 

100 pF load 

TTL I/O Levelsd) 


Vcc = 5.0V ±10%, 

30 pF load 
1.5V I/O Levels(i) 


1 


E28F016XS15 


28F016XS-20 




28F016XS-15 


2 


E28F016XS20 


28F016XS-25 


28F016XS-20 
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ADDITIONAL INFORMATION 



Order Number 


Document/Tool 


297372 


16-Mbit Flash Product Family User's Manual, 
28F01 6SA/28F01 6SV/28F01 6XS/28F01 6XD 


292147 


AP-398. "Designing with the 28F01 6XS" 


297500 


"Interfacing the 28F016XS to the i960® Microprocessor Family" 


297504 


"Interfacing the 28F016XS to the lntel486TM Microprocessor Family" 


292146 


AP-600, "Performance Benefits and Power/Energy Savings of 28F016XS 
Based System Designs" 


297508 


FlashBuilder Utility 


Contact Intel/Distribution 
Sales Office 


28F01 6XS Benchmark Utility FlashBuilder 


Contact Intel/Distribution 
Sales Office 


28F016XS iBIS/VHDL Models 


Contact Intel/Distribution 
Sales Office 


28F016XS Orcad/Viewlogic Schematic Symbols 


292126 


AP 377, "16-Mbit Flash Product Family Software Drivers 
28F01 6SA/28F01 6SV/28F01 6XS/28F01 6XD" 


294016 


ER 33, "ETOXTM Flash Memory Technologylnsight to Intel's 
Fourth Generation Process Innovation" 
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1.Q INTRODU0TION 

This technical paper describes several designs interfac- 
ing the high-performance 28F016XS Flash memory to 
the i960® microprocessor family. All designs are based 
on preliminary 28F016XS specifications. These designs 
have been fully simulated but no yet taken to lab proto- 
type. Please contact your Intel or distribution sales of- 
fice for up-to-date information. Do not finalize a design 
based on the specifications in this document. 

The 28F016XS is a 16-Mbit flash memory with a high- 
performance synchronous pipelined read interface. The 
28F016XS combines ROM-like non-volatility, DRAM- 
like read performance and in-system update ability in 
one memory technology. These characteristics enable 
code execution directly from the 28F016XS memory 
space, replacing the costly practice of shadowing code 
from HDD or ROM to DRAM for increased perform- 
ance. The 28F016XS improves system performance, 
ruggedness and cost of any burst microprocessor, such 
as the i960 microprocessor, base design. The i960 mi- 
croprocessor family sees widespread use in various ap- 
plications, including imaging and data communica- 
tions. 

The 28F016XS performs synchronous pipelined reads. 
Up to three accesses can be initiated before reading 
data output from the initial cycle. This pipelined struc- 
ture is ideal for use with the i960 microprocessor's 
burst transfer mechanism. The 28F016XS brings signif- 
icant system performance enhancements to an i960 mi- 
croprocessor-based environment. This technical paper 
describes processor-to-memory interfaces that exploit 
these capabilities to achieve maximum system perform- 
ance. Figures 1 and 2 illustrate relative system perforni- 
ance enhancements that the 28F016XS brings to an 
i960 microprocessor-based environment, compared to 
other memory technologies. The benchmark parame- 
ters are documented in Appendix B. 
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Figure 1. Relative System Performance 

Enliancement of the 28F016XS Compared to 

Other IVIemory Technologies in an i960® KB-25 

iVIicroprocessor-Based Design 
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Figure 2. Relative System Performance 

Enhancement of the 28F016XS Compared to 

Other l\/lemory Technologies in an i960® CA-33 

Processor-Based Design 
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2.0 I960® CA-33 MICROPROCESSOR INTERFACE 
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Figure 3. Minimal Logic Required Interfacing the 28F016XS-15 to the i960 CA-33 Microprocessor 



Using this interface, the 28F016XS-15/i960 CA-33 mi- 
croprocessor system achieves 3-0-0-0-2-0-0-0 . . . wait- 
state read performance, supporting burst transfers and 
address pipelining. 



2.1 Circuit Description 

This section describes the 28F016XS-15/i960 CA-33 
microprocessor interface block diagram in Figure 3. 

Memory Configuration 

This design uses two 28F016XS-15s, in xl6 mode, to 
match the i960 CA microprocessor's 32-bit data bus, 
providing 4 Mbytes of flash memory. Signals A21.4 
from the i960 CA microprocessor and CTR1.0 from the 
PLD select locations within the 28F016XS memory 
space, arranged as 1-Meg double words. The two-bit 
counter implemented in the PLD loads addresses A3.2 
at the beginning of each memory cycle and generates 
the lower two bits of the burst addresses on its outputs 



CTR1.0. The counter feeds burst addresses to the 
28F016XS, so that they do not stall waiting for the 
processor to supply the next address. 

Chip Select Logic 

Chip select decode logic may use A3 1.22 to generate an 
active low chip select signal, CS#, for the 28F016XS- 
15 memory space and other system peripherals. The 
chip select drives CEo# on each 28F016XS-15 and a 
control input to the PLD. The 28F016XS-15's CEi# 
input is grounded. 

In support of address pipelining, the chip select logic 
latches CS#, holding it active throughout the duration 
of the memory access. This will prevent potential CS# 
problems caused by using combinatorial logic when uti- 
lizing the address pipeUning capability of i960 CA mi- 
croprocessor. 

If address pipeUning functionality is not implemented, 
simple combinatorial logic can be utilized in generating 
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the system CS# for the 28F016XS memory space, and 
the chip select logic shown in Figure 3 does not exam- 
ine BLAST # and ADS#. For many systems using the 
upper address bits in a linear selection scheme may pro- 
vide a sufficient number of chip select signals, thus 
eliminating system chip select decode logic. (See 



Figure 4 for an example of using linear selection for 
chip selects.) When using a linear chip select scheme 
however, the software must avoid using addresses that 
may select more than one device, which could result in 
bus contention. 
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Figure 4. Example of Using Linear Chip Selection 
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Figure 5. Example RESET Generation Circuitry 
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CLK Option 

A 33 MHz clock signal drives the i960 CA microproc- 
essor CLKIN input. Driving CLKMODE to "1" con- 
figures the i960 CA microprocessor for a xl CLK in- 
put. The i960 CA microprocessor outputs an internally- 
referenced 33 MHz clock on its PCLKl and PCLK2 
pins (the signals on PCLKl and PCLK2 are identical), 
which drives the CLK inputs of the PLD and the 
28F016XS-15S. 

Reset 

An active-low reset signal, RESET #, connects to the 
RESET # inputs of the i960 CA microprocessor, and 
the PLD, and to the RP# input of the 28F016XS-15s. 
Figure 5 illustrates a suggested logic configuration for 
generating RESET #. 

Interface Control Signals 

The i960 CA-33 microprocessor external bus signals, 
BLAST #, ADS# and W/R#, serve as inputs to the 
state machine, which controls the two-bit counter and 
generates OE#, WE# and ADV#. The counter is 
loaded at the beginning of the memory access, generat- 
ing the burst addresses to the 28F016XS-15s. ADV# 
indicates that a valid address is available to the 
28F016XS-15. Addresses are latched and a read cycle is 
initiated on a rising CLK edge. WE# controls writes to 
the 28F016XS-15, latching data into the 28F016XS-15 
on its rising edge if the applicable timing requirements 
are satisfied. (Data is latched on the faUing edge of 
WE# during page buffer writes.) 

Configuration Signal 

A general purpose input/output (GPIO) generates the 
configuration signal input to the state machine. The 
configuration signal must reset to logic "0" on power- 
up and system reset to ensure that the operation of the 
state machine matches the initial configurations of the 
28F016XS-15S and the i960 CA microprocessor. After 
optimizing the 28F016XS-15s and i960 CA microproc- 
essor, the configuration signal must switch to logic "1." 

Additional 28F016XS Control Signals 

The BYTE# input to the 28F016XS-15s is tied to 5.0V 
to configure the 28F016XS-15s for xl6 mode, and Aq is 
tied to GND (Aq is only used for byte addressing). 
A GPIO controls the write protect input, WP#, 
to the 28F016XS-15S. As shown in Figure 3, the 
28F016XS-15 is compatible with either a 5.0V or 



a 12.0V Vpp voltage and is completely write protected 
by switching Vpp to GND. When Vpp voltage drops 
below VppLK* the 28F016XS-15 will not successfully 
complete Program and Erase operations. Figure 3 also 
illustrates the 28F016XS-15 RY/BY# output connect- 
ed to a system interrupt for background erase opera- 
tion. RY/BY#, WP#, and Vpp implementation are 
application dependent. See the Additional Information 
section of this technical paper for documentation that 
cover these topics in more detail. 



2.2 Software Interface Considerations 

Boot-up Capability / Configuration 

This interface supports processor boot from the 
28F016XS memory space after power-up or reset. 
However, the boot code must follow some restrictions 
until it has properly configured the 28F016XS-15s, the 
i960 CA microprocessor and the CFG state machine 
input valve. In the default configuration state, the i960 
CA microprocessor supports only non-burst reads and 
writes. Program control should jump to an area of 
RAM to execute the configuration sequence. The code 
must configure the 28F016XS-15s and all necessary 
i960 CA microprocessor programmable attributes be- 
fore setting the CFG input to logic "1." Table 1 illus- 
trates the required configuration settings for both the 
28F016XS-15S and the i960 CA-33 microprocessor. 

Table 1. Configuration Settings for the 

28F016XS-15 and i960 CA-33 iUlicroprocessor 

Employing Address Pipelining at 33 l\/IHz 




Part 


Parameter 


Setting 


28F016XS-15 
(5VVcc) 


SFI Configuration 


2 


J960 GA-33 
Microprocessor 


Ready Inputs 


OFF 


Byte Ordering 


LITTLE 
ENDIAN 


Bus Width 


32-BIT 


Wait States: 
Nrad 


3 


Nrdd 





Nwad 


2 


Nwdd 


2 


Nxda 





Address Pipelining 


ON 


Burst mode 


ON 
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2.3 Single and Burst Read Cycle 
Description at 33 MHz 

Refer to the read cycle timing diagrams (Figures 7 and 
8) and the state diagram (Figure 6) for the following 
read cycle discussion. 



ADS#=0 * W_R#=1 




BLAST#=0 
* ADS#=1 



BLAST#=1 



NOTE: 

0E# and WE# are clocked on the inverted CLK edge 



Figure 6. Read State Diagram of Single and Address Pipelined Burst Control Interface 
^ Shown in Figure 3 
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Initial Configuration 

Figure 7 illustrates a read cycle with the 28F016XS-15s 
and i960 CA microprocessor in a reset/power-up con- 
figuration state. The initial configuration permits only 
non-burst transfers. The i960 CA microprocessor initi- 
ates a read cycle by asserting ADS# with W/R# = 
"0," presenting the valid address and control signals. 
At N = 1, the two-bit counter loads the values on 
address bits A3.2. The state machine asserts ADV# for 
the next clock edge (N = 2), where the 28F016XS-15 
will clock in the address if CS# is asserted. If CS# is 
not asserted, the state machine returns to inactive state 
at N = 2. The state machine asserts ADy# for only 



one clock edge before entering a hold state to await the 
assertion of BLAST # by the i960 CA microprocessor. 
The state machine asserts OE# (to meet timing re- 
quirements OE# is falling-edge triggered) on the fall- 
ing edge between N = 2 and N = 3 to enable the 
28F016XS-15 data output buffers. With SFI Configura- 
tion = 4, the data will be vaUd at the N = 7. The 
28F016XS-15S will hold data on the bus until the i960 
CA microprocessor asserts BLAST #. During the clock 
period following N = y, the state machine returns to 
its inactive state, de-asserting 0E# to tri-state the 
28F016XS-15 data outputs. 
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Figure 7. Example Read Cycle, Initial Configuration, 
Showing Key Specifications Requiring Consideration 
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Optimized Configuration 

Figure; 8 illustrates a two double-word burst read fol- 
lowed by a four double- word burst read with the 
28F016XS-15S, i960 CA microprocessor and state ma- 
chine configured for optimum read performance. With 
CFG = 1, the counter increments the two lower bits of 
the address at N = 2, N = 3 and N = 4, and ADV# 
remains asserted so that the 28F016XS-15 latches in 
four successive addresses at N = 2 through 5. With 
SFI Configuration = 2, the first data will be vahd at 
N = 5. If a second read cycle follows the current read 
cycle, the i960 CA microprocessor will assert ADS# 
one clock after asserting BLAST #. The state machine 
will respond by immediately re-entering the read 



cycle. After detecting the assertion of BLAST #, the 
state machine will return to its inactive State waiting for 
a new access targeting the 28Fpi6XS memory space. 

When implementing the i960 CA microprocessor ad- 
dress pipelining capability, the state machine control- 
ling CS# monitors the upper address lines, ADS# and 
BLAST #. CS# is held active upon detecting an access 
targeting the flash memory space until BLAST # is as- 
serted with ADS# de-asserted. When BLAST # and 
ADS# are active at the same time, a pipehned read 
access is in progress. The CS# state machine examines 
the upper address lines to determine whether or not the 
current pipelined access is aimed at the 28F016XS 
memory space. 
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Figure 8. Example Two Double-Word Purst Read Followed by Pipelined Four Double Word Burst Read 
Showing Key Specifications Requiring Consideration 
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Critical Timings 

Table 2 describes the critical timings illustrated in Fig- 
ures 7 and 8. One particularly critical timing in this 
designs, is the data hold time. The i960 CA-33 micro- 
processor requires a 5 ns hold time after the clock edge. 
The 28F016XS-15 guarantees a 5 ns data hold after 
clock, meeting the processor's hold requirement with 
ns of margin. 

This design provides 7 ns of margin in meeting the 3 ns 
setup time of the i960 CA-33 microprocessor data in- 
puts, outputting data tcHQV after a rising CLK edge. 

Another critical area concerns CS# during pipelined 
read accesses. Since the 28F016XS-15 specifies zero 



data hold from CE# go^ng high, the chip select state 
machine must hold CS# active for 5 ns to satisfy the 
i960 CA-33 microprocessor data input hold specifica- 
tion of 5 ns. Hence, the chip select state machine holds 
CS# active for an additional clock period after detect- 
ing BLAST# active. 

The i960 CA-33 microprocessor control outputs 
ADS# and W/R# have 3 ns of margin and BLAST # 
has 5 ns of margin to meeting the 85C22V10-15 input 
setup requirement. 

Consult the appropriate datasheets for full timing infor- 
mation. 



Table 2. Example Read Cycle Timing Specifications at 5V Vqc 



Part 


Symbol 


Parameter 


Minimum Specified 
Value (ns) 


85C22V10-15 


tsui 


Input Setup Time to CLK 


9 


i960 CA-33 Microprocessor 


T|S1 


Input Setup D3i,o 


3 


T|H1 


Input Hold D31.0 


5 


28F016XS-15 


tELCH 


CE# Setup to CLK 


25 


tVLCH 


ADV# Setup to CLK 


15 


tAVCH 


Address Setup to CLK 


15 


tGLCH 


0E# Setup to CLK 


15 




NOTE: 

Consult appropriate datasheets for up-to-date specifications. 
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2.4 Single Burst Write Cycle 
Description at 33 iVil-lz 

Refer to the write cycle timing diagrams and the state 
diagram (Figure 9) for the following write cycle discus- 
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Figure 9. Write State Diagram of Control 
Interface Shown in Figure 3 



Initial ConHguration 

Figure 10 illustrates a write cycle. In the reset/power- 
up configuration state, the interface supports only non- 
burst writes. The i960 CA microprocessor initiates a 
write cycle by asserting ADS# with W/R# = "1," 
presenting a valid address and control signals. At N = 
1, the two-bit counter loads the values on address bits 
A3.2. The state machine asserts WE# (to meet timing 
requirements, WE# is faUing-edge triggered) on the 
falling edge between N = 1 and N = 2. WE #, remains 
asserted for two clock periods, in order to meet the 
28F016XS-15 timing requirements. The state machine 
then enters a holding state until the processor asserts 
BLAST #, after which time the interface state machine 
will return to SO. 

Optimized Configuration 

Figure 11 illustrates a two double-word burst write 
with CFG = "1." When the first data write is complete 
at N = 4, the counter increments the two lower 
address bits, and the state machine asserts WE# on 
the next falling clock edge to begin the next the 
28F016XS-15 data write. The i960 CA microprocessor 
must provide the next data during the clock period fol- 
lowing N = 4. The data writes continue to the next 
consecutive addresses until the i960 CA microprocessor 
asserts BLAST #, indicating the end of the burst write 
cycle. 
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Figure 10. Example Write Cycle, initial Configuration, 
Showing Key Specifications Requiring Consideration 
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Figure 11. Example Two Double- Word Burst Write iiiustrating 
Key Specifications Requiring Considerations 
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Critical Timings 

Table 3 describes the critical timings illustrated in Fig- 
ures 10 and 11. 

One critical hold time to notice is twHAX- WE# is 
guaranteed to transition within 8 ns from the falling 
clock edge. Therefore, the twHAX requirement has 2 ns 
of margin on CTR1.0, and 5 ns of margin on A3 1.4. 



Also notice that CTR1.0 must be valid before WE# is 
asserted. CTR1.0 are guaranteed vahd 8 ns after the 
rising clock edge, providing 9 ns of margin. 

Consult the appropriate datasheets for full timing infor- 
mation. 



Table 3. Example Write Cycle Timing Parameters at 5V Vcc 



Part 


Symbol 


Parameter 


Minimum Specified 
Value (ns) 


85C22V10-15 


tsui 


Input Setup Time to CLK 


9 


28F016XS-15 


tELWL 


CE# Setup to WE# Going Low 





tAVWL 


Address Setup to WE# Going Low 





tWLWH 


WE # Pulse Width 


50 


toVWH 


Data Setup to WE # Going High 


50 


twHDX 


Data Hold from WE # High 





tWHAX 


Address Hold from WE# High 


5 


tWHEH 


CE# Hold from WE # High 


5 



NOTE: 

Consult appropriate datasheets for up-to-date specifications. 
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3.0 i960® JF-33 MICROPROCESSOR INTERFACE 
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Figure 12. Minimal Interface Logic Required in Interfacing the 28F016XS-15 to the 
i960 JF-33 Microprocessor 



Using this interface, the 28F016XS-15/i960 JF-33 mi- 
croprocessor system can achieve 3-0-0-0 wait state read 
performance, supporting burst transfers. 



3.1 Circuit Description 

This design (Figure 12) uses two 28F016XS-15s to 
match the 32-bit data bus of the i960 JF microproces- 
sor, providing 4 Mbytes of flash memory. Four octal 
latches, enabled by the ALE signal, de-multiplex the 
32-bit address from the AD bus. The latched address 
bits QAD21.4 and the counter outputs CTR1.0 from the 
PLD select locations within the 28F016XS memory 
space. The two-bit counter implemented in the PLD 
loads the address bits on A3.2, at the beginning of each 
memory cycle, and generates the lower two bits of the 
burst addresses on its outputs CTR1.0 to the 
28F016XS-15. 



CLK Option 

A 33 MHz clock signal drives the i960 JF microproces- 
sor CLKIN input and the PLD and 28F016XS-15s 
CLK input. 

Reset 

An active-low reset signal, RESET #, connects to the 
RESET # inputs of the i960 JF microprocessor and 
PLD and to the RP# input of the 28F016XS-15. Fig- 
ure 5 illustrates a suggested logic configuration for gen- 
erating RESET #. 

Interface Control Signals 

ADS# and W/R# i960 JF microprocessor signals, just 
as in the i960 CA microprocessor design, serve as in- 
puts to the state machine, which controls the two-bit 
counter and generates the OE#, WE# and ADV# sig- 
nals for the 28F016XS-15S. The state machine also gen- 
erates the RDYRCV# signal for the i960 JF micro- 
processor to control the insertion of wait states during 
data transfers. 
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ConHguration Signal 

A general purpose input/output (GPIO) generates the 
configuration signal for input to the state machine. The 
configuration signal must be reset to logic "0" on pow- 
er-up and system reset to ensure that the operation of 
the state machine matches the 28F016XS-15S. After 
optimizing the 28F016XS-15s, the reconfiguration sig- 
nal must switch to a logic "1" to take advantage of the 
new configuration. 

Additional Control Signals 

For information regarding BYTE#, WP#, RY/BY# 
and Vpp, see Section 2.1. 



3.2 Software Interface 
Considerations 

Boot-up Capability 

This interface supports processor boot-up from the 
28F016XS-15 memory space after power-up or reset. 
Burst reads and writes may commence with no configu- 
ration. However, read wait state performance will be 
5-1-1-1 until the SFI Configuration is set to 2 and the 
CFG input is set to logic "1." Program control should 
jump to an area of RAM to execute the configuration 
sequence. A pseudocode flow for this configuration se- 
quence is shown below. 

Execute Device Configuration command sequence 

Activate CFG signal 

End 

The SFI Configuration must be set to 2 before the CFG 
input is set to logic "1." Thereafter, burst read wait 
state performance will improve to 3-0-0-0. 



2-138 



mMM!i©m m¥©mmMmm 



Intel 



28F016XS/i960® Interface 



3.3 Burst Read Cycle Description at 
33 MHz 

Refer to the read cycle timing diagrams and state dia- 
gram (Figure 13) for the following discussions of the 
read cycle. 
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Figure 13. Read State Diagram of Burst Control Interface Shown in Figure 12 
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Figure 14. Example Four Double- Word Burst Read in Initial Configuration 
Showing Key Specifications Requiring Consideration 



Initial Configuration 

Figure 14 illustrates a four double-word burst read cy- 
cle with the 28F016XS-15S and the state machine in the 
reset/power-up configuration state. The i960 JF micro- 
processor initiates a read cycle by asserting ADS# with 
W/R# = "0", presenting a valid address and control 
signals. At N = 1 with At)S# = "0", the two-bit 
counter loads the values on the address bits A3.2. 

The state machine asserts ADV# after clock edge N = 
1 where the 28F016XS-15s will clock in the first ad- 
dress at the next rising clock edge (N = 2), if CS# is 
asserted. If CS# is not asserted, the state machine will 
return to its inactive state at N = 2. 

The state machine deactivates ADV# at N = 2. The 
state machine then asserts ADV# at N = 3 to load the 
next read address into the 28F016XS-15s. De-asserting 
ADV# for one clock cycle (at N = 2, 4, 6 and 8) 
between accesses forces the 28F016XS-15s to hold data 
output for two clock cycles (access stretching), which 
allows time for the data to stabilize and meet the timing 
requirements of the i960 JF microprocessor bus. 



The counter increments the two lower bits of the ad- 
dress at N = 3, 5 and 7 to provide the four successive 
burst addresses. The state machine asserts OE# (to 
meet timing requirements OE# is falling-edge trig- 
gered) on the faUing edge between N = 4 and N = 5 
to enable the 28F016XS-15 data output buffers. With 
the SFI Configuration = 4, the data will be vaUd at the 
i960 JF microprocessor data inputs at N = 7. 

The state machine asserts RDYRCV# to inform the 
i960 JF microprocessor that the data is valid. 
RDYRCV# is returned active at N = 7, 9, 11 and 12. 
The interface will follow this methodology until the 
processor asserts BLAST #, which identifies the end of 
the burst transaction. BLAST # is examined at N = 7, 
9, 11 and 13. The interface will transition to its inactive 
state, SO, after the assertion of. BLAST #. 
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Optimized Configuration 

Figure 15 illustrates a four double- word burst read with 
the 28F016XS-15S and state machine configured for op- 
timum read performance. With the SFI Configuration 
= 2, ADV# is held active and the counter increments 
at N = 2, 3 and 4, supplying the 28F016XS-15s with 
four consecutive accesses. Data from the initial access 



will be valid for transfer at N = 5. Subsequent data 
will be valid at N = 6, 7 and 8. This interface and 
28F016XS-15 configuration improve read wait-state 
performance to 3-0*0-0. All other signal monitoring 
and generation are identical to the reset/power-up con- 
figuration read cycle documented in the preceding sec- 
tion. 
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Figure 15. Example Four Double- Word Burst Read Illustrating 
Important Timing Parameters Requiring Consideration 
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Critical Timings 

Table 4 describes the critical timings illustrated in Fig- 
ures 14 and 15. One particulariy critical timing in this 
design is the data hold time, which the 28F016XS-15 
meets with ns margin. The 28F016XS holds data for 
5 ns after a rising clock. 

The 28F016XS-15 will provide data 10 ns before the 
rising edge of the system clock, which satisfies the i960 
JF-33 microprocessor's data input requirement. 



ADV# and CTR1.0 are guaranteed valid 8 ns after the 
rising clock edge. Setup times for these inputs to 
28F016XS-15 are each 15 ns. Since the clock period is 
30 ns, this allows 7 ns margin for these timings. 

RDYRCV# is guaranteed valid 8 ns after the rising 
clock edge to met the microprocessor's setup time to 
rising clock edge. 

Consult the appropriate datasheets for full timing infor- 
mation. 



Table 4. Example Write Cycle Timing Parameters at 5V Vcc 



Part 


Symbol 


Parameter 


l\/linimum Specified 
Value (ns) 


85C22V10-15 


tsui 


Input Setup Time to CLK 


9 


28F016XS-15 


tELCH 


CE# Setup to CLK 


25 


Wlch 


ADV# Setup to CLK 


15 


UVCH 


Address Setup to CLK 


15 


tGLCH 


0E# Setup to CLK 


15 



NOTE: 

Consult appropriate datasheets for up-to-date specifications. 
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3.4 Burst Write Cycle Description at 
331MHz 
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Write Configuration 

Figure 17 illustrates a two double-word burst write cy- 
cle. The i960 JF microprocessor initiates a write cycle 
by asserting ADS# with W/R# = 1 and presenting a 
valid address and control signals. At N = 1 with 
ADS# = 0, the two-bit counter loads the values on the 
address bits A3.2. The state machine asserts WE# (to 
meet timing requirements, WE# is falling-edge trig- 
gered) on the falling edge between N = 1 and N = 2. 
WE# remains asserted for four clock periods, in order 
to meet 28F016XS-15 timing requirements. The state 
machine asserts RDYRCV# for N = 4 to inform the 
i960 JF microprocessor to supply the next data. At N 
= 4, the counter increments the two lower address bits, 
and the state machine asserts WE# on the next falling 
clock edge to begin the next data write to the 
28F016XS-15S. The data writes continue until the proc- 
essor asserts BLAST #, noting the end of the current 
write transaction. The SFI Configuration has no effect 
on the write cycle. 




Figure 16. Write State Diagram of Burst Controi 
interface Shown in Figure 12 
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Figure 17. Two Doubie-Word Burst Write 
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Critical Timings 

Table 5', describes the critical timings illustrated in Fig- 
ure 17. 

Notice that CTR1.0, and CS# must be valid before 
WE# is asserted. CTR1.0 are guaranteed valid 8 ns 
after the rising clock edge, providing 12 ns of margin. 



Consult the appropriate datasheets for full timing infor- 
mation. 



Table 5. Example Write Cycle Timing Parameters at 5V Vqc 



Part 


Symbol 


Parameter 


Minimum Specified 
Value (ns) 


85C22V10-15 


tsui 


Input Setup Time to CLK 


9 


28F016XS-15 


tELWL 


CE# Setup to WE# Going Low 





tAVWL 


Address Setup to WE# Going Low 





tWLWH 


WE # Pulse Width 


50 


toVWH 


Data Setup to WE# Going High 


50 


tWHDX 


Data Hold from WE 5J^ High 





tWHAX 


Address Hold from WE# High 


5 


tWHEH 


CE# Hold from WE # High 


5 



NOTES: 

Consult appropriate datasheets for up-to-date specifications. 
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4.0 I960 KB-25 MICROPROCESSOR INTERFACE 
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Figure 18. Minimal Logic Required in interfacing 28F016XS-20 to the 
i960 KB-25 l\/iicroprocessor 



Using this interface, the 28F016XS-20/i960 KB-25 mi- 
croprocessor system can achieve 3-0-0-0 wait state read 
performance (5-1-1-1 read performance) in terms of the 
CPU's internal 25 MHz CLK, supporting burst cycles. 
This design operates the logic and 28F016XS-20s at 
25 MHz. 



4.1 Circuit Description 

This interface uses two 28F016XS-20s to match the 
32-bit data bus of the i960 KB microprocessor, provid- 
ing access to 4 Mbytes of flash memory. Like the 
28F016XS-20 interface to the i960 JF microprocessor, 
four octal latches de-multiples the 32-bit address from 
the LAD bus. The latches are enabled by an inverted 
ALE# signal from the microprocessor. The latched ad- 
dress and two-bit counter integrated into the PLD se- 
lect locations with the flash memory space. The two-bit 
couiiter loads the address bits on LAD.3.2 at the begin- 
ning of each memory cycle, and generates the lower 
two bits of the burst addresses on its outputs CTR1.0. 



CLK Option 

In this interface, a 50 MHz clock signal drives the i960 
KB microprocessor CLK2 input, and an external 
25 MHz clock signal, synchronized to the i960 KB mi- 
croprocessor internal 25 MHz clock, drives the CLK 
inputs for the 28F016XS-20s and the PLD. The re- 
duced clocking frequency places a less stringent de- 
mand on the PLD to meet setup times, thereby allow- 
ing the usage of a slower PLD. 

External 25 MHz CLK generation and synchronization 
can be accomplished using simple flip-flop logic. The 
i960 KB microprocessor synchronizes its internal 
25 MHz clock on the falling edge of RESET. 

Two different methods for generating a 25 MHz CLK 
are illustrated in Figure 19, and the PLD equations are 
located in the Appendix A. 
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The two IX clock generation methods in Figure 19 will a maximum skew of Tcoi> while method (B) will have 
produce a different amount of clock skew between the little to no clock skew because the 2x and Ix CLKs are 
2x and Ix CLK. Clock generation method (A) will have exposed to the same PLD delay (see Figure 20). 
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Figure 19. Example Ix CLK Generation and Synchronization Circuitry 
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Figure 20. CLK SIcew Produced by tlie Two Different CLK Generation iVIethods Illustrated in Figure 19 
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4.2 Software Interface 
Considerations 

Boot-up Capability 

This interface supports processor boot-up from the 
28F016XS-20 memory space after power-up or reset. 
Burst reads and writes may commence with no configu- 
ration. However, read wait-state performance will be 
5-0-2-0 until the SFI Configuration is set to 2 and the 
CFG input is set to logic "1." Thereafter, burst trans- 
fers will improve to 3-0-0-0 wait state perform- 



ance. Program control should jump to an area of RAM 
to execute the configuration sequence. The code must 
set the SFI Configuration to 2 before setting the CFG 
input to logic "1." 



4.3 Read Burst Cycle Description at 
25 MHz 

Refer to the read cycle timing diagrams and the state 
diagram (Figure 21) for the following discussion of the 
read cycle. 
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Figure 21. Read State Diagram of Burst Control Interface Logic Shown in Figure 18 
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Figure 22. Example Four Double-Word Burst Read In Initial Configuration Showing Key 
Specifications Requiring Consideration 



Initial Configuration 

Figure 22 illustrates a four double-word burst read cy- 
cle with the 28F016XS-20S and state machine in the 
reset/power-up configuration state. The i960 KB mi- 
croprocessor initiates a read cycle by asserting ADS# 
with W/R# = "0," presenting valid address and con- 
trol signals. 

At N = 1, the two-bit counter loads the values on 
address bits A3.2. The state machine asserts ADV# at 
the next clock edge (N = 2), where 28F016XS-20 Will 
latch in the address if CS# is asserted. If CS# is not 
asserted, the state machine will return to its inactive 
state at N = 2. The counter increments the two lower 
bits of the address at N = 2 and ADV# remains as- 
serted so that the 28F016XS-20 clocks in the first two 
burst addresses at N = 2 and 3. 

With the SFI Configuration = 4, the state machine 
must wait 4 clock periods between loading two even or 
two odd addresses into 28F016XS-20. Therefore, the 
state machine asserts ADV# at N = 6 and N = 7 to 
latch the third and fourth addresses, respectively, 



into 28F016XS-20. The state machine asserts 0E# (to 
meet timing requirements OE# is falling-edge trig- 
gered) on the falling edge between N = 4 and N = 5 
to enable the 28F016XS-20 data output buffers. Data 
will be valid at the i960 KB microprocessor data inputs 
at N = 7. 

The state machine asserts READY # to inform the 
i960 KB microprocessor that the data is valid. To com- 
pensate for the delayed third and fourth burst address- 
es, the state machine must de-assert READY# for N 
third and fourth addresses, respectively, N = 9 and 
N=10 before again asserting READY# for N=ll 
and N- 12, when the third and fourth data, respective- 
ly, become vahd. 

The i960 KB microprocessor encodes the length of the 
burst transfer onto the two lowest bits of the initial 
address. Therefore, the st^te machine decodes Q AD 1.0 
to determine the end of the burst transfer. At this point, 
the state machine will return to its inactive state, SO, 
de-asserting 0E# to tri-state the 28F016XS-20's data 
outputs. 
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Figure 23. Example Four Double-Word Burst Read Illustrating 
Key Specifications Requiring Consideration 



Optimized Configuration 

Figure 23 illustrates a four double-word burst read with 
the 28F016XS-20S and state machine configured for op- 
timum read performance. With the SFI Configuration 
= 2, 28F016XS-20 can accept addresses with only two 
clock periods between each even address and two clock 
periods between each odd address. Therefore, the four 
burst addresses flow into SFI on successive rising clock 
edges and the four data become valid for transfer on 
successive rising clock edges with the first data valid by 
N — 5. Otherwise, the transaction is similar to the 
reset/power-up configuration read cycle. 

Critical Timings 

Table 6 describes the critical timings illustrated in Fig- 
ures 22 and 23. One particularly critical timing in this 
design is the data hold time. The i960 KB-25 micro- 
processor requires a 5 ns hold time after the clock edge. 
The 28F016XS-20 guarantees a 5 ns data hold after 



clock, meeting the setup requirement with ns of mar- 
gin. This design provides: 

1/25 MHz - tio = 7 ns 

of margin to meeting the .3 ns setup time of the i960 
KB-25 microprocessor data inputs. 

Another critical area concerns CS# and QA21.4 setup 
time to 28F016XS-20. This design allows two clock pe- 
riods (80 ns) for these signals to stabilize and meet the 
28F016XS-20 setup time. Since the i960 KB-25 micro- 
processor guarantees ALE# and LAD31.0 18 ns after 
the rising clock edge and the 28F016XS-20 setup time 
is 30 ns, this leaves: 

2*1/25 MHz - t6 - tELCH = 32 ns 

for the propagation delays of the inverter plus the latch 
plus the chip select decode logic (if appUcable, for 
CS#). 
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READY # is guaranteed valid 8 ns after the falling 
clock edge, providing 5 ns of margin on the 7 ns setup 
required by the i96p KB-25 microprocessor. 

OE# is also guaranteed valid 8 ns after the falling 
clock edge, providing ns of margin on the 12 ns setup 
requirement. 



Consult the appropriate datasheets for full timing infor- 
mation. 



Table 6. Example Read Burst Cycle Timing Parameters at 5V Vcc 



Part 


Symbol 


Parameter 


Minimum Specified 
Value (ns) 


85C22V10-15 


tSU1 


Input Setup Time to CLK 


9 


i960 KB-25 Microprocessor 


Tio 


Input Setup 1 


3 


Tii 


Input Hold 


5 


Ti2 


Input Setup 2 


7 


28F016XS-20 


tELCH 


CE# Setup to CLK 


30 


tVLCH 


ADV# Setup to CLK 


20 


tAVCH 


Address Setup to CLK 


20 


tGLCH 


0E# Setup to CLK 


20 
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Write Burst Cycle Configuration at 25 MHz 








/^ 


"^ C8#=:1^ 








S14 
/ 


ADV#=1 \ 
OE#=1 \ 
WE#=1 1 
INC=0 / 
READY#=^y^ 








■~n 




( 811 

( 


ADV#=1 ^^ 
0E#>1 \ 
W£#»0 1 
INC=0 / 
^EADY#=1 / 


• W_R#=1 


QA[1:01=1 \ 






( 


''^ADV#=1 \ 
OE#=1 \ 

WE#=rO 1 

INC=0 / 
. READY#=1/ 




812^^"--* — V 

/ADV#=1 \ 

\ / 0E#=1 \ 

\ / WE#=0 \ 

\ \ INC=0 i 

\ \ READY#=1 / 




816 

( 


ADV#=1 \ 
OE#=1 \ 
WE#=1 

INC=1 / 
. READY#=0/ 


QA[1:01=2oi^\ 




S20 

( 


'ADV#=:1 \ 

OE#=1 \ 

WE#=0 1 

INC=0 / 

. READY#=1 / 


\ 

QA[1:0]=0 

( 

813 


/^DV#=1 \ 
OE#=1 \ 
WE#»1 1 
INC=1 / 

. READY#=0 / 

QA[1:0l=1,2.or3il 

( 


Xadv#=i 

^ OE#=1 

WE#=0 

INC=0 
^READY#=1 


815 

( 


ADV#=1 \ 
OE#=1 \ 
WE#=0 1 
INC=0 / 
READY#=1 / 

* 


/ ADV#=1 
/ OE#=1 
I WE#==0 
\ INC=0 

\ READY#=1 


QA[1:01=2^ 

V- 

siYadv#=i 

^ OE#=1 
WE#=0 
\ INC=0 
\ READY* 


\ 

S19 / 


^ QA[1:0]=3 

'adv#=i \ 

OE#=1 \ 
WE#=1 1 

iNC=i y 

. READY#=0 / 
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Figure 24. Write State Diagram of Burst Controi Interface Logic in Figure 18 
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Figure 25. Example Two Double-Word Burst Write Showing Key Timing Parameters Requiring 

Consideration 



Write Considerations 

The i960 KB microprocessor initiates a write cycle by 
asserting ADS# with W/R# = 1 and presenting a 
vahd address and control signals. At N = 1 with 
ADS# = 0, the two-bit counter loads the values on the 
address bits LAD3.2. The state machine asserts WE# 
(to meet timing requirements, WE# is falling-edge trig- 
gered) on the falling edge between N = 1 and N = 2. 
WE# remains asserted for two clock periods, in order 
to meet the 28F016XS-20 timing requirements. The 
state machine asserts READY # for N = 4 to inform 
the i960 KB microprocessor to supply the next data. At 
N = 4, the counter increments the two lower address 
bits, and the state machine asserts WE# on the next 
falling clock edge to begin the next data write to the 
28F016XS-20S. The data writes continue until the burst 
cycle is complete. The state machine determines the 
length of the burst cycle by decoding Q AD 1.0. The 
28F016XS-20 Configuration has no effect on the write 
cycle. 



Critical Timings 

Table 7 describes the critical timings illustrated in Fig- 
ure 25. 

One critical hold time to notice is twHAX- WE# is 
guaranteed to transition with 8 ns from the falling clock 
edge. Therefore, the twHAX requirement has 7 ns of 
margin on CTR1.0 and 9 ns of margin on A3 1.4. 

Also notice that CTR1.0 must be valid before WE# is 
asserted. CTR1.0 are guaranteed valid 8 ns after the 
rising clock edge, providing 12 ns of margin. 

Consult the appropriate datasheets for full timing infor- 
mation. 
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Table 7. Example Write Burst Cycle Timing Parameters at 5V Vqc 



Part 


Symbol 


Parameter 


Minimum Specified 
Value (ns) 


85C22V10.15 


tsui 


Input Setup Time to CLK 


9 


i960 KB-25 
Microprocessor 


Tii 


Input Hold 


5 


Ti2 


input Setup 2 


7 


28F016XS-20 


tELWL 


CE# Setup to WE# Going Low 





tAVWL 


Address Setup to WE# Going Low 





tWLWH 


WE # Pulse Width 


60 


toVWH 


Data Setup to WE# Going High 


50 


tWHDX 


Data Hold from WE # High 





tWHAX 


Address Hold from WE# High 


5 


tWHEH 


GE# Hold from WE # High 


5 




5.0 INTERFACING TO OTHER I960 
MICROPROCESSORS 

i960®CF-16, i960®CF.25 and i960®CF.33 
Microprocessors 

The i960 CF microprocessor bus interface is completely 
compatible with the i960 CA microprocessor bus inter- 
face. Therefore, the 28F016XS-15 interfaces described 
above for the i960 CA-33 microprocessor work equally 
well with the i960 CF-25 and 33 MHz microprocessors. 

At 16 MHz, the interface requires a sHght modification 
because the SFI Configuration value at 16 MHz equals 
1. The 28F016XS-15 will begin driving the data pin 1 
CLK period after initiating a read access. The interface 
returns READY # to the i960 CF-16 microprocessor, 1 
CLK cycle earlier. Therefore, the 28F016XS-15 inter- 
face to the i960 CF-16 microprocessor will dehver 
3-0-0-0 wait-state read performance. 

i960® SA Microprocessor, i960® SB Microprocessor 

The 28F016XS's interface to the i960® $x microproces- 
sor series will be similar to the i960 KB microprocessor 
interfaces, with the following differences: 

• The i960 Sx microprocessor series has a 16-bit data 
bus multiplexed with the lower 16 of 32 address bits. 
Therefore, a single 28F016XS will match the width 
of the data bus. 



• Two octal latches will de-multiplex the address/data 
bus, and the ALE signal, without inversion, will 
properly enable the latches. 

• The i960 Sx microprocessor series supports eight 
double-word burst transfers. Therefore, the 
28F016XS interface will require a three-bit counter 
to generate the lower three bits of the burst address- 
es. 

• The interface state machine must use the i960 Sx 
microprocessor BLAST # signal to recognize the 
end of a burst cycle (see the i960 CA microprocessor 
state diagrams). 



6.0 CONCLUSION 

This technical paper has described the interface be- 
tween the 28F016XS 16-Mbit Flash memory compo- 
nent and the i960 microprocessor family. This simple 
design has been implemented with a minimal number of 
components and achieves exceptional read perform- 
ance. The 28F016XS provides the microprocessor with 
the non-volatility and update ability of flash memory 
and the performance of DRAM. For further informa- 
tion about 28F016XS, consult reference documentation 
for a more comprehensive understanding of device ca- 
pabilities and design techniques. Please contact your 
local Intel or distribution sales office for more informa- 
tion on Intel's flash memory products. 
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ADDITIONAL INFORA 


HATION 


Order Number 


Document/Toois 


290532 


28F016XS Datasheet 


297500 


"Interfacing 28F01 6XS to the lntel486TM Microprocessor Family" 


292147 


AP-398, "Designing with the 28F01 6XS" 


292146 


AP-600, "Performance Benefits and Power/Energy Savings of 28F016XS 
Based System Designs" 


297372 


1 6-Mbit Flash Product Family User's Manual, 
28F01 6SA/28F01 6SV/28F01 6XS/28F01 6XD 


297508 


FlashBuiider Utility 


Contact Intel/Distribution 
Sales Office 


28F016XS Benchmark Utility 


Contact Intel/Distribution 
Sales Office 


28F016XS IBIS Models 


Contact Intel/Distribution 
Sales Office 


28F016XS VHDL/Verllog Models 


Contact Intel/Distribution 
Sales Office 


28F016XS Timing Designer Library Files 


Contact Intel/Distribution 
Sales Office 


28F01 6XS Oread and VIewLogIc Schematic Symbols 


REVISION HISTORY 


Number 


Description 


001 


Original Version 
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PLD FILES 



PLD File for the 28F016xs Interface to the i960 CA-33 Microprocessor 




Title 


^8F016XS/ i960 CA Microprocessor Interface State Machine 




Pattern 


PDS 






Revision 


1 






Authors 


Example 






Company 




• Folsom, California 




Date 


1-25-94 






CHIP 


STATEMACHINE 


85C22V10 




; inputs 








PIN 1 


CLK . 






PIN 


ADS^n 


; address status - i960 CA microprocessor 




PIN 


W^R.n 


; W/R# - i960 CA microprocessor 




PIN 


BLAST.n 


; burst last - i960 C A microprocessor 




PIN 


CS.n 


; chip select -28F016XS 




PIN 


CFG 


; 28F016XS/i960 CA microprocessor config status set input 




PIN 


A2 


;LADbit2 




PIN 


A3 


;LADbit3 




PIN 


RESET 


; resets all FFs in device 




PIN 25 


GLOBAL 


; viitual pin to implement reset 




; outputs 








PIN 


CTRO 


; burst counter out • 28F016XS-A1 




PIN 


CTRl 


; burst counter out • 28F016XS-A2 




PIN 


/WE 


; write enable -28F016XS 




PIN 


/OE 


; output enable -28F016XS 




PIN 


QO 


; state variables 




PIN 


Ql 






PIN 


/ADV 


; state variable and address valid - 28F016XS 




PIN 


Q3 






; burst counter control signals 






STRING LD'(/ADS.n)' 


;load 




STRING INC (ADV * /Ql * /QO 








+ Q3*ADV*/Ql 








+ Q3*/Q1*/Q0)' 


increment 




STATE 








MOORE^MACHINE 






DEFAULT.BRANCHSO 
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; state assignments 




S0= /Q3 * /ADV ♦ /Ql * 


/QO 


Sl= /Q3* ADV*/Q1« 


/QO 


S2= Q3* ADV*/Q1« 


/QO 


S3= Q3* ADV*/Q1* 


QO , 


S4 = /Q3 * ADV * /Ql * 


QO 


S5= /Q3*/ADV*/Q1'' 


QO 


S6= /Q3*/ADV* Ql* 


/QO 


S7 =: Q3 ♦ /ADV ♦ Ql « 


/QO 


S8= Q3*/ADV*/Ql< 


/QO 


; state transitions 




S0:= (/ADS_n * /W.R^n) ->${ 


; READ cycle 


+ (/ADS^n * W^R^n) .>S6 


; WRITE cycle 


+-> SO 


; else, stay 


SI := (/CS_n*/CFG) ->S5 


; 28F016XS selected, initial configurations 


+ {/CSjn * CFG) -> S2 


; 28F016XS selected, 28F016XS and i960 CA microprocessor conjfigured 


-»->S0 


; else, return to idle state 


S2 := VCC -> S3 




S3 := VCC -> S4 


; 28F016XS is configured to wait 4 clocks 


S4 := (/BLAST.n * ADS.n) -> SO 


; 1 double word read 


+ (/BLAST^n * /ADS.n) -> S I 


; pipelined read 


+->$5 


; else, continue 


S5 := (/BLAST jn * ADS^n) -> SO 


; burst read finished 


+ (/BLAST.n * /ADS^n) -> S I 


; pipelined read 


-i->S5 


; else, continue 


S6 := /CS^n -> SI 


; 28F016XS selected, continue 


■|.->S0 ; 


else, return to idle state 


SI := VCC -> S8 




S8 := (BLAST^n * CFG) -> S6 


; continue hurst 


+ (BLAST.n * /CFG) -> S8 


; pre-config write 


^.>S0 


; write is finished 


; transition outputs 




SO.OUTF 


/OE ♦ /WE 




Sl.OUTF 


/OE * /WE 




S2.0UTF 


OE*/WE 




S3.0UTF 


OE*/WE 




S4.0UTF 


OE * /WE 




S5.0UTF 


OE*/WE 




S6.0UTF 


OE » /WE 




S7.0UTF 


= /OE* WE 




S8.0UTF 


= /OE ♦ WE 




S9.0UTF 


= /OE * /WE 




EQUATIONS 




: implement RESET 




GLOBAL.RSTF = /RESET 




; implement 2-bit hurst counter - registered counter equations 


CTRl := (LD * A3) ■»• (/LD ♦ INC ♦ CTRO * /CTRl) 


-|.(/LD*INC*/CTRO* 


CTRl) -»-(/LD* /INC* CTRl) 


CTRO := (LD ♦ A2) + (/LD ♦ INC • /CTRO) + (/LD * /INC • CTTRO) 


; flop OE and WE on falling edge 




OE.CLKF = /CLK 




WE.CLKF = /CLK 
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PLD File for the 28F016XS Interface to the i960 JF-33 Microprocessor 



Tide 


28F016XS/i960 JF Microprocessor Interface State Machine 




Pattern 


PDS 








Revision 


1 




', 




Authors 


Example 








Company 


Intel Corporation • 


Folsom, California 




Date 


8-16-94 








CHIP 


STATEMACHINE 


1 


WC22V10 




; inputs 










PIN 1 


CLK 








PIN 


ADS 




; address status - i960 FJ microprocessor 




PIN 


W.R 




; W/R# - i960 FJ microprocessor 




PIN 


BLAST 




; burst last - i960 JF microprocessor 




PIN 


CS 




; chip setect 




PIN 


CFG 




; 28F016XS/i960 JF microprocessor config status set input 




PIN 


A2 




;Abit2 




PIN 


A3 




;Abit3 




PIN 


RESET 




; resets all FFs in device 




PIN 25 


GLOBAL 




; virtual pin to implement reset 




; outputs 
PIN 


CTRO 




; burst counter out • 28F016XS-A1 




PIN 


CTRl 




; burst counter out - 28F016XS-A2 




PIN 


/WE 




; write enable -28F016XS 




PIN 


/OE 




; output enable - 28F016XS 




PIN 


/RDYRCV 




; wait-state control 




PIN 


QO 




; state variables 




PIN 


Ql 








PIN 


/ADV 




; state variable and address vaUd - 28F016XS 




PIN 


Q3 








; burst counter control signals 








STRING LD'(/ADS)' 




;load 




STRING INC (ADV 










+ RDYRCV » Q3 


►Ql 


* QOy ; increment 




STATE 










MOORE^MACHINE 








DEFAULT3RANCH SO 
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; state assignments 








SO = /RDYRCV ' 


'•/Q3*) 


'ADV*/Q1*/Q0 




SI = /RDYRCV 


•'/Q3* 


ADV*/Q1*/Q0 




S2 = /RDYRCV 


••/Q3* 


ADV*/Q1* (30 




S3 = /RDYRCV 


••/Q3* 


ADV * Ql * /(JO 




S4 = RDYRCV ' 


'•/Q3* 


ADV * Ql * <30 




S5 = RDYRCV 


" /Q3 * / 


'ADV*/Ql* QO 




S6 = /RDYRCV 


VQ3* 


fADW * Ql • /(50 




S7 = /RDYRCV 


* Q3* 


ADV*/Ql*/(y) 




S8 = /RDYRCV 


•/Q3* 


fADW * Ql* QO 




S9 = /RDYRCV 


- Q3* 


ADV*/Q1* (30 




S10= RDYRCV 


* Q3* 


/ADV*/Ql*/(30 




Sll= /RDYRCV 


* Q3* 


ADV * Ql * /QO 




SI2= /RDYRCV 


* Q3* 


/ADV*/Ql* QO 




S13= /RDYRCV 


* Q3* 


/ADV * Ql * /<30 




S14= /RDYRCV 


* Q3* 


/ADV * Ql * QO 




S15= RDYRCV 


* Q3* 


/ADV * Ql * QO 




; state transitions 








SO := (/ADS * /W^R) 


->S1 


; READ cycle 




+ (/ADS * W.R) 


->S13 


; WRITE cycle 




+-> 


SO 


; else, stay 




Sl:= (/CS*/CFG) 


.>S6 


; 28F016XS selected, init configurations 




+ (/CS * CFG) 


.>S2 


; 28F016XS selected, optimized configured 




+-> 


SO 


; else, return to idle state 




S2 ;= VCC 


->S3 






S3 := VCC 


->S4 




28F016XS is configured to wait 4 clocks 




S4 := (/BLAST * ADS) 


->S0 




1 double word read 




+o 


S5 




else, continue 




SS := /BLAST 


.>so 




burst read finished 




+ (BLAST * CFG) 


->S5 




continue, optimized configuration 




+ (BLAST* /CFG) 


->S12 




continue, initial configuration 




S6 := VCC 


->S7 






S7 := VCC 


->S8 






S8:= VCC 


.>S9 






S9 := VCC 


->S10 


' 




S10:= /BLAST 


->S0 


; BLAST - end of the burst read transaction 




+ BLAST 


->S11 






Sll:= VCC 


.>S5 






S12:= VCC 


->S5 






S13:= CS 


->S0 


; write cycle control 




+ /CS 


->SH 






S14:=5 VCC 


->S13 






S15:= BLAST 


->S13 


; BLAST - end of burst write transaction 




+ ^ /BLAST 


.>so 






; transition outputs 








SO.OUTF 


=? /OE * /WE 








Sl.OUTF 


= /OE * /WE 








S2.0UTF 


= OE*/WE 








S3.0UTF 


OE*/WE 








S4.0UTF 


= OE*/WE 








S5.0UTF 


OE*/WE 








S6.0UTF 


= /OE * /WE 








S7.0UTF 


= /OE * /WE 




\ 




S8.0UTF 


OE*/WE 








S9.0UTF 


s OE ♦ /WE 
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SIO.OUTF :s 


OE*/WE 


SU.OUTF:= 


OE*/WE 


S12.0UTF := 


OE*/WE 


S13.0UTF:=: 


/OE * WE 


S14.0UTF:a 


/OE * WE 


S15.0UTF:=: 


/OE ♦ /WE 


EQUATIONS 




; implement RESET 


GLOBAL.RSTF = /RESET 



; implement 2-bit burst counter • registered counter equations 
CTRl := (LD ♦ A3) + (/LD • INC ♦ CTRO ♦ /CTRl) 

+ (/LD ♦ INC ♦ /CTRO * CTRl) -i- (/LD • /INC ♦ CTRl) 
CTRO := (LD * A2) + (/LD * INC • /CTRO) + (/LD • /INC • CTRO) 

; flop OE and WE on falling edge 
OE.CLKF = /CLK 
WE.CLKF = /CLK 
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Title 




28F016XS/i960 KB Microprocessor Interface State Machine - 25MH2 Version 




Pattern 




PDS 








Revision 




1 








Authors 




Example 








Company 




Intel Corporation • 


Folsom, California 




Date 




1-18-94 








CHIP 


STATEMACHINE 


} 


J5C22V10 




; inputs 












PIN I 




CLK 








PIN 




ADS 






address status - i960 KB microprocessor 




PIN 




QAO 






latched LAD bit 




PIN 




QAl 






latched LAD bit 1 




PIN 




W_R 






W/R# - i960 KB microprocessor 




PIN 




CS 






chip select- 28F016XS 




PIN 




CFG 






28F016XS config status input 

CFG=0 => 28F016XS config=4 (initial config) 

CFG=1 => 28F016XS config:?2 




PIN 




A2 






LAD bit 2 




PIN 




A3 






LAD bit 3 




PIN 




RESET 






resets all FFs in device 




PIN 25 




GLOBAL 






virtual pin to implement reset 




; outputs 












PIN 




Cl'RO 




; burst counter out - 28F016XS-A1 




PIN 




CTRl 




; burst counter out - 28F016XS-A2 




PIN 




/OE 




; output enable - 28F016XS 




PIN 




/WE 




; write enable- 28F016XS 




PIN 




/READY 




; i960 KB microprocessor 




PIN 




/ADV 




; state register and address valid - 28F016XS 




PIN 




QO 




; state registers 




PIN 




Ql 








PIN 




Q2 








PIN 




Q3 








; burst counter control signals 








STRING LD'(SO*/ADSr 




;Ioad 




STRING INC'(Sl+S2 + S3 










+ 


S9 + S13 + S16 


+ S19)' ; increment 




STATE 












MOORE_MACHINE 








DEFAULT3RANCH SO 








; state assignments 










SO 


= /ADV*/Q3^ 


''/Q2* 


/Ql * /QO 






SI 


= ADV ♦ /Q3 ' 


»/Q2* 


/Ql * /QO 






S2 


= ADV ♦ /Q3 * 


»/Q2« 


/Ql* QO 






S3 


= ADV * /Q3 * 


^/Q2* 


Q1*Q0 






S4 


= ADV ♦ /Q3 ' 


►/Q2* 


Ql * /QO 






SS 


= /ADV«/Q3 


••/Q2* 


Ql*/QO 






S6 


= ADV * Q3 - 


^/Q2* 


Q1*/Q0 






S7 


=:/ADV»/Q3 


*/Q2< 


• /Ql * QO 






S8 


= /ADV*/Q3 


* Q2* 


Ql* QO 
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89 = ADV < 


'/Q3* Q2* 


Q1*Q0 






810= ADV< 


/Q3 • Q2 • 


QIVQO 






811= /ADV "• 


• Q3*/Q2* 


/Q1*/Q0 






812 = /ADV ^ 


• Q3*/Q2* 


/Ql • QO 






813= /ADV ^ 


• Q3*/Q2* 


Ql* QO 






814 = /ADV ^ 


• Q3*/Q2* 


Q1*/Q0 






815= /ADV ^ 


• Q3 • Q2 * 


Q1*/Q0 






816= /ADV 


• Q3 • Q2 • 


Q1*Q0 






817= /ADV 


' Q3 ♦ Q2 • 


/Ql* QO 






818= ADV^ 


' Q3 ♦ Q2 ♦ 


/Q\* QO 






819 = /ADV 


• Q3 * Q2 * 


/Q1«/Q0 






820 = /ADV 


• /Q3 ♦ Q2 * 


/Q1*/Q0 






821 = ADV ^ 


' /Q3 • Q2 • 


/Q1*/(J0 






822 = /ADV < 


• /Q3 ♦ Q2 • 


/Ql * QO 






823= /ADV ^ 


• /Q3 ♦ Q2 * 


QIVQO 






824 = /ADV < 


'/Q3*/Q2* 


Ql'QO 






825 = ADV < 


• Q3 * Q2 • 


Q1»/Q0 




; state transitions 








SO::r 


(/AD8*/W.R.n) 


.>81 


; READ cycle 




•»• 


(/AD8 ♦ W_R.n) 


->811 
+->S0 


; WRITE cycle 
; else, stay 




Sl:= 


/C8 


->S2 

+.>so 


; continue if 28F016XS is selected 
; else, return to idle state 




S2:= 


/CFG 


.>824 
+->83 


; 28F016XS is configured to Wait 4 clocks 
; else, continue 




S3:= 


VCC 


->84 


; else, continue 




S4:= 


(/QA1*/QA0) 


->S0 

+.>S5 


;1 double word read 
; else, continue 




S5:= 


(/QAl ♦ QAO) 


->so 


; 2 double word burst read 




-f 


(QA1*/CFG) 


->S23 
+.>S6 


; SFI Configuration = 4 
; else, continue 




S6:= 


(QAl ♦ /QAO) 


->S0 
+->S7 


; 3 double word burst read 
; else, continue 




S7:= 


VCC 


.>so 


; 4 double word burst read 




S8:= 


VCC 


->S9 






S9:=: 


VCC 


-H>S5 


; else, continue 




Sll;- 


/cs 


.>S12 
+.>80 


; continue if 28F016XS is selected 
; else, renim to idle state 




S12:= 


VCC 


.>813 






S13:= 


(/QAl * /QAO) 


->S0 
+->S14 


; 1 double word write 
; else, continue 




S14:= 


VCC 


.>S15 






S15:= 


VCC 


->S16 






S16:s 


(/QAl * QAO) 


.>so 

-K>317 


; 2 double word burst write 
; else, continue 




S17:= 


VCC 


->S18 






818:= 


VCC 


->S19 






819 := 


(QAl ♦/QAO) 


.>80 
+->S20 


; 3 double word burst write 
; else, continue 




820:= 


VCC 


->S21 






821 := 


VCC 


->S22 






822:= 


VCC 


.>so 


; 4 double word burst write 




823:= 


VCC 


->S25 






824:= 


VCC 


->S8 






825:= 


VCC 


->S6 
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; transition outputs 

SO.OUTF ;= AVE */0E* /READY 




Sl.OUTF 


s 


/WE VOE* /READY 




S2.0UTF 


s 


/WE VOE* /READY 




S3.0UTF 


s 


/WE • OE • /READY 




S4.0UTF 


s 


/WE • OE ♦ READY 




S5.0UTF 


s 


/WE * OE • READY 




S6.0UTF 


s 


AVE * OE * READY 




S7.0UTF 


s 


AVE * OE * READY 




S8.0UTF 


s 


AVE ♦ OE * /READY 




S9.0UTF 


s 


AVE * OE * /READY 




SIO.OUTF 


s 


AVE * OE * READY 




Sn.OUTF 


s 


WE ♦ /OE * /READY 




S12.0UTF 


s 


WE ♦/OE* /READY 




S13.0UTF 


s 


AVE*/OE* READY 




S14.0UTF 


s 


WE */0E* /READY 




S15.0UTF 


s 


WE */0E* /READY 




S16.0UTF 


3 


AVE*/OE* READY 




SI7.0UTF 


s 


WE */0E* /READY 




S18.0UTF 


s 


WE */0E* /READY 




S19.0UTF 


s 


AVE*/OE* READY 




S20.OUTF 


s 


WE */0E* /READY 




S21.0UTF 


s 


WE */0E* /READY 




S22.0UTF 


s 


AVE ♦/OE* READY 




S23.0UTF 


s 


AVE ♦ OE ♦ /READY 




S24.0UTF 


s 


AVE ♦/OE^ /READY 




S25.0UTF 


s 


AVE ♦ OE * /READY 




EQUATIONS 
; implement RESET 

GLOB AL.RSTF s RESET 




; implement 2-bit burst counter - registered counter equations 
CTRl :=: (LD • A3) + (/LD ♦ INC ♦ CTRO * /CTRl) 






+ (/LD ♦ INC ♦ /CI'RO ♦ CTRl) + (/LD ♦ /INC ♦ CTRl) 




CTRO:= 


(LD ♦ A2)-|.(/LD ♦ INC ♦/CTRO) -K/LD ♦/INC ♦ CTRO) 




; flop WE OE and READY on faUing edge 
WE.CLICFa/CLK 




OECLKFa/CLK 




READY.CLKF«/CXK 
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PLD File for the Ix CLK Generation and Synchronization 



Title 

Pattern 

Revision 

Author 

Company Name 

Date 



Ix Clock Generations & Sychronization 
PDS 

1 

Example 
Intel 
5/26/94 



CHIP Clock.C3eneration«Circuit 85C220 



; input pins 

PIN 

PIN 

; output pins 
PIN 



CLK ; elk frequency 33MH2 
RESET 



SYSCLK 



EQUATIONS 

SYSCLK := /SYSCLK * /RESET 
SYSCLK.CLKF = CLK 
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PLD File for thl Ix and 2x CLK Generation and Synchronization 



Title 


Ix and 2x Clock Generation and Synchronization 


Pattern 


PDS 




Revision 


1 




Author 


Example 




Company Name 
Date 


Intel 
5/26/94 




CHIP Clock.Gcneration.Circuit 


85C220 


; input pins 

PIN 

PIN 


CLK 
RESET 


; elk frequency 4x 
; System RESET 


; output pins 

PIN 

PIN 


CLK2 
SYSCLK 


;2x CLK output 

; Sychronized Ix CLK output 


EQUATIONS 

CLK2:=r/CLK2 




CLK2.CLKF 


= CLK 





SYSCLK := CLK2 * SYSCLK ♦ /RESET 

+ /CLK2 ♦ /SYSCLK ♦ /RESET 
SYSCLK.CLKF = CLK 
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APPENDIX B 
BENCHMARK PERFORMANCE ANALYSIS 



The following section provides detailed memory technology information used in the performance analysis (UDP/IP 
Networking and Imaging Benchmarks) contained in the introduction. The performance analysis was based on actual 
memory component performance in an i960 processor-based environment. System interface delay between micro- 
processor and memory was not included in the analysis. The two benchmarks illustrate relative system memory 
performance. 

A. 28F016XS Flash Memory 

28F016XS is capable of 3-1-1-1-1-1-1-1 . . . read performance at 5.0V Vcc and 33 MHz or 25 MHz (2-0-0-0-0-0-0-0 
... in terms of wait states). The benchmarking analysis is shown below: 





UDP/IP Networking Benchmark 


Imaging Benchmark 


Time (sec) 


Time (sec) 


i960 KB.25 
Microprocessor 


1.30 


1.64 


i960 CA-33 
Microprocessor 


.89 


.89 


i960 CF-33 
Microprocessor 


.53 


.59 



B. 16-Mbit DRAM 

16-Mbit DRAMs were, at the time this technical paper was published, only beginning to ramp into production. Only 
advance information for the wider xl6, 16-Mbit DRAMs was available for use in the calculations that follow. 

Sequential reads allow use of the DRAM fast page mode. Assumed DRAM specifications are shown below: 

• 80 ns tRAC, 40 ns tAA (5.0V Vcc) 

• 256 word (512 byte) page buffer 

Therefore, 16-Mbit DRAMs are capable of 3-2-2-2-2-2-2-2 . . . read performance at 33 MHz and 25 MHz (2-1-1-1-1- 
1-1-1 in terms of wait states . . . ). The benchmarking analysis is shown below: 





UDP/iP Networking Benchmark 


imaging Benchmark 


Time (sec) 


Time (sec) 


i960 KB-25 
Microprocessor 


1.88 


1.89 


i960 CA-33 
Microprocessor 


1.06 


1.03 


i960 CF-33 
Microprocessor 


.59 


.64 
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C. 4-Mbit EPROM 

Calculations that follow used the xl6 version of the 4-Mbit EPROM (Intel 27C400 or equivalent). 

The assumed 5.0V Vcc 4-Mbit EPROM random access time is 150 ns. Therefore, 4-Mbit EPROMs are capable of 5- 
5-5-5-5-5-5-5 . . . read performance at 5.0V Vcc ^^^ 33 MHz (4-4-4-4-4-4-4-4 ... in terms of wait states). The 
benchmarking analysis is shown below: 





UDP/IP Networking Benchmark 


Imaging Benchmark 


Time (sec) 


Tfme (sec) 


i960 KB-25 
Microprocessor 


NA 


NA 


i960 CA-33 
Microprocessor 


1.56 


1.49 


i960 CF-33 
Microprocessor 


.78 


.81 



D. 16-Mbit PAGED MASK ROM 

Calculations that follow used the xl6 version of the 16-Mbit paged mask ROM, which is not yet widely available 
from multiple vendors. The x8, 16-Mbit paged mask ROM is the more common version today. 

Sequential reads allow use of the mask ROM page mode. The assumed 5.0V Vcc 16-Mbit mask ROM random 
access time is 150 ns, with 75 ns accesses in page mode (4- word page). Therefore, 16-Mbit mask ROMs are capable 
of 5-3-3-3-5-3-3-3 . . . read performance at 5.0V Vcc and 33 MHz (4-2-2-2-4-2-2-2 ... in terms of wait states). The 
benchmarking analysis is shown below: 






UDP/IP Networking Benchmark 


liiiaging Benchmark 


Time (sec) 


Time (sec) 


i960 KB-25 
Microprocessor 


NA 


NA 


i960 CA-33 
Microprocessor 


1.35 


1.30 


i960 CF-33 
Microprocessor 


.71 


.73 
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QT960 EVALUATION AND PROTOTYPING 

BOARD 





LOW COST EVALUATION TOOL 

The QT960 products give you a 32-bit starter kit to begin software evaluation and 
hardware design at a low cost. The boards feature the 20 MHz 80960KB 32-bit embedded 
processor. The 80960KB has integrated floating point, instruction and register caches, 
and an on-chip interrupt controller. The 80960K-series are the first in a new 
architectural family of embedded processors from Intel built using Intel's CHMOS IV^ 
process. These boards provide you with full access to the features of the 80960KB 
processor. A wire wrap prototyping area offers you easy access to board features to test 
your designs. Interleaved EPROM means fast execution of your code taking advantage of 
the 80960KB's burst bus. A programmable wait state generator simulates different 
memory environments useful in evaluating the performance of your code. These features 
make the QT960 boards useful low cost tools for the 32-bit embedded designer. 

Once written, you can debug your program with NINDY, an EPROM resident debug 
monitor. NINDY enables you to download code, set seven different trace modes, display 
and modify memory or registers, and disassemble problem code sequences. 

Available separately from Intel are the ASM-960 (assembly language) and iC-960 (high- 
level language) products which provide you with the code development environment for 
the QT960 boards. 

The starter kit comes in two versions: the QT960F version has fast SRAM, high speed 
EPROM and Flash memory; the QT960E version has lower cost SRAM, Flash memory 
and no high speed EPROM. Each version has NINDY in either EPROM (QT960F) or 
Flash memory (QT960E), power supply cable, and the QT960 User Manual. Both versions 
also include the parts list, source code of the debug monitor, and the board data base 
(schematics) all on diskette. Armed with this starter kit you now have a system to 
evaluate and prototype your product ideas quickly and at low cost. 



November 1990 

Order Number. 270743-002 
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QT960 FEATURES 

• 20 MHz Execution Speed • Display/Modify Memory and Registers 

• 128K Bytes to Zero Wait State EPROM* • Code Disassembly 

• 128K Bytes of Flash Memory • High Level Language Support 

• 128K Bytes of Zero Wait State SRAM* • RS-232 Communications Link 

• Programmable Wait State Generator • The QT960E Version has 128K Bytes of Two 

• Prototyping Wire Wrap Area Wait State SRAM and 128K Bytes Four Wait 

• Five Instruction Traces State Flash Memory 

• Two Hardware Breakpoints 

Product Order Codes: EVQT960F20 and EVQT960E20 

tCHMOS IV is a patented Intel process. 
tQT960F Version only. 

FAST AND EASY CODE UPDATES 

128K Bytes of Intel's 28F256 Flash memory provides an easy and quick method of changing your 
code in nonvolatile memory. Flash memory may be conveniently reprogrammed without 
removing it from the board while software is under development. 

FASTEPROM 

Interleaved fast EPROM (Intel's 27C202) on the QT960F version yields one-zero-zero-zero wait 
state code access. It efficiently utilizes the four word burst capabilities of the 80960KB bus 
maximizing program performance. 

PROTOTYPING SUPPORT 

A prototyping wire wrap area is provided on board with access to the system's signals and buses. 
This area gives you access to the board's features and allows you to easily test design ideas. A 
system bus connector is also provided for off board prototyping. 

PROGRAMMABLE WAIT STATE GENERATOR 

A software programmable wait state generator enables you to quickly model various memory 
speeds. Under software control you can set over 16 different wait state combinations and evaluate 
the performance of your target system. 

DMA 

The board offers you eight DMA channels accessed through a NINDY library function using 
Intel's 82380. In addition, off board connectors provide DMA I/O capabilities. 

FIVE INSTRUCTION TRACES AND TWO HARDWARE 
BREAKPOINTS 

NINDY utilizes the built-in trace capabilities of the 80960KB to provide you with single step, 
supervisor, call, return, and branch instruction tracing offering you extensive debug capabilities 
for software examination and modification. Two hardware breakpoints enable you to break on 
and examine EPROM resident code. 
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HIGH LEVEL LANGUAGE SUPPORT 

NINDY is capable of downloading absolute object code generated by ASM-960 or iC-960. ASM-960 
and iG-960 may be purchased separately from Intel. 

COMMUNICATION AND SOFTWARE REQUIREMENTS 

The QT960 boards communicate with the host through the RS-232 link using an Intel 82510 
UART provided on board. The boards support five baud rates: 1200, 2400, 9600, 19200, and 38400. 
The default is 9600 baud. To communicate with the QT960 boards you must meet the following 
minimum software requirements: 



• Terminal Emulator 



• XMODEM Download Capabilities 



80960KB 
CPU 


— 


WAIT STATE 
GENERATOR 


82380 
SYSTEM 




82510 

SERIAL 

CONTROLLER 






SUPPORT 








PERIPHERAL 






ADDRESS 




1 


1 




UTCHES " " 










li 






1 














EPROM 
128K BYTES 


















PUSH 
MEMORY 

1281^ RYTF5 




SRAM 
128K BYTES 


LJ 


CLOCK 
RESET 








1 















WIRE 
WRAP 
PINS 



OFF 

BOARD 

CONNECTOR 




Block Diagram of the QT960 Board 

For information or the number of your nearest sales office call 800-548-4752 (U.S. and Canada). 

Intel Corporaton, Literature Department, 3065 Bowers Avenue, Santa Clara CA 95051, United States. Tel: 408-987-8080. 
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PRODUCT OVERVIEW 

In recent years, embedded designs have grown in sophistication, encompassing many 
years of development and thousands of lines of code. Due to the size, complexity and 
constantly evolving desire to stay competitive, designers have turned to high-level 
languages for productivity and RISC-based processors for performance. 

Advanced processor technology such as RISC and superscalar has promised enhanced 
performance through the use of pipelining, multiple execution units, and generally, more 
efficient code execution. Achievement of this performance, however, has been 
constrained by the lack of compiler technology to take advantage of it. 

Intel's continuous investment in compiler technology allows user applications to deliver 
maximum performance from the i960 processor family. CTOOLS960 exploits the i960 
processor features and implements the most advanced optimization technique — profile 
driven optimizations, where code optimizations are based on application runtime 
behavior, thus achieving superior performance compared with code generated by 
conventional global optimizations. 

i960® is a registered trademark of Intel Corporation. 

* Other brands and names are property of their respective owners. 
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PRODUCT HIGHLIGHTS 

• CTOOLS960 consists of a high-performance 
profiling compiler, profiling tools, an 
asseinbler/linker and utility tools 

• Fully conforms to ANSI standard, passes 
Plum Hall* and Perennial* tests 

• Produces superior quality, highly optimized 
code for i960 microprocessor family 

• Tightly integrated with DB960 source-level 
debugger and in-circuit emulators 

• Operates on a variety of host operating 
systems 

• Supports in-line assembly code in C source 

• Big-endian support (i960 CA/i960 CF 
processors) 

• Faster compile time and smaller code with 
Revision 4.0 

PROFILE-DRIVEN COMPILER 
OPTIMIZATIONS 

Profile-driven compiler optimization is a 
technique wherein the compiler reads a 
runtime profile of the source code being 
compiled, and makes code optimization 
decisions based on that profile. The runtime 
profile is gathered by instrumentation code 
inserted by the compiler during a preliminary 
compilation. The instrumented program is 
executed using typical data and the resultant 
program profile is saved. In a subsequent 
compilation, the runtime profile is correlated 
to the source code and an optimized program 
generated. 

Code optimizations based on a program profile 
are more effective than traditional global 
optimizations. Conventional optimization 
strategies are limited by static knowledge of 
the program: the text of the pro-am is 
extrapolated to its runtime behavior. Since the 
compiler has no idea which parts of the 
program influence execution time, all parts of 
the program receive equal attention. 

In contrast, profile-driven optimizations are 
based on known runtime characteristics of the 
program. They go beyond traditional local and 
global optimizations, to become application- 
specific. The profile information is used by the 
compiler in a number of Ways: 

• Additional resources (e.g., registers) can be 
allocated to parts of the program that 
execute more often. 



• Loops may be transformed to separate 
frequently executed paths from rarely 
executed ones, reducing interference 
between code segments and opening up more 
code motion opportunities. (Superblock 
Formation) 

• Frequently taken paths through the program 
code may be placed in sequence, increasing 
instruction cache hit rates. (Basic Block 
Rearrangement) 

• Program-level function inlining reduces call 
overhead and creates more optimization 
opportunities. (Inter-module Inlining) 

• Heavily used global variables may be placed 
in faster memory or in on-chip data RAM. 

All of these optimizations have been 
implemented in the Intel CTOOLS960 
compiler tool set. 

i960® ARCHITECTURE' 
SPECIFIC OPTIMIZATIONS 

These optimizations are implemented to 
ensure the application can benefit from all 
features of the architecture. 

• Specialized instruction selection. The 

compiler makes use of the i960 architecture's 
specialized instructions such as clrbit, setbit, 
nand, and ornot instructions. 

• Intelligent register manager. It performs 
the assignment of all register operands to the 
available general purpose and floating point 
registers. 

• Code scheduling. The compiler modifies the 
ordering of instructions to increase the 
amount of parallel execution available on the 
specific i960 processor. 

• Use of on-chip data RAM for spill 
registers. When the i960 processor's 
physical registers are insufficient to meet the 
demands of a function, some registers must 
be "spilled" to some slower storage. For the 
i960 CA/i960 CF processor, you may "spill" 
into the on-chip data RAM instead of the 
slower off-chip memory. 

• Complex: addressing modes (reducing 
instruction fetches and code space). By 

default, the compiler uses complex 
addressing modes that generate denser code, 
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generating fewer instructions and fetches 
from memory. Users can instruct the 
compiler to retain the RISC form of 
addressing when code compaction is not 
desirable. 

• Branch prediction. The compiler uses 
profile data to set the branch prediction bit 
for the i960 CA/i960 CF processors to 
maximize the chances of a correct prediction. 

• Identification of leaf procedures. The 
iC960 compiler identifies procedures that 
contain no further calls. The linker optimizes 
the call to such leaf procedures to use the 
branch-and-link mechanism that does not 
allocate a new stack frame or register frame 
and executes faster than the call mechanism. 

ARCHITECTURE 
INDEPENDENT TRADITIONAL 
OPTIMIZATIONS 

The i960 processor compiler performs the 
following local and global optimization^. 

• Constant expression evaluation. The 

iC960 compiler directly evaluates simple 
arithmetic expressions containing constants 
and tracks constant values through all the 
computations performed. 

• Collapsing of arithmetic and bitwise 
Boolean identities. The compiler recognizes 
instances of arithmetic and bitwise Boolean 
operations in which one of the operands is an 
identity constant. The unnecessary operation 
is eliminated. 

• Common subexpression elimination. The 
compiler detects multiple occurrences of the 
same expression and avoids redundant 
computations by using the result left in the 
register. 

• Register subsumption or register 
coalescing. The compiler coalesces multiple 
registers containing the same value, thus 
eliminating a large number of register move 
instructions. 

• Local variable promotions. The compiler 
promotes to a register location, a variable of 
automatic or register storage class. 

• Tail-call elimination. When the last 
statement in a function is a call, execution 
time can be saved by replacing the call with 
an unconditional branch. 

• Automatic procedure inlining. The 
compiler automatically selects functions for 
inlining. Pragmas are also available for user 
control over inlining. 



• Branch optimizations. The compiler 
rearranges branch instructions to minimize 
the number of branches executed. 

• Dead code elimination. The compiler 
eliminates code that computes values never 
used and code that cannot be reached. 

• Loop invariant code moiion. The compiler 
identifies computations that do not change 
within the body of a loop and moves those 
computations to a point before the loop 
entry. 

• Induction variable elimination. FOR loop 
array subscripts can be simplified by the 
compiler thus minimizing address 
calculation overhead. 

ASSEMBLER AND LINKER 

The ASM960 assembler tool is based on the 
Free Software Foundation Tools (Note: 
Applications code generated by ASM960 is not 
subject to copyleft. Copyleft applies to 
application code incorporating ASM960 source 
code.). The assembler processes assembly code 
produced by the compiler. The i960 processor 
linker links together separately compiled 
modules, performing additional optimizations 
such as replacing calls by branch-and-link 
sequences. 

The ASM960 toolset offers other useful 
utilities such as: 

• Debugging aids: COFF dumper and 
mapper. 

• An a^rchiver to build libraries in COFL 
format. 

• A COFF stripper to eliminate debug 
records from the object module. 

• A big-endian to little-endian converter 

(on big* endian hosts). 

• A ROM builder to produce ROMable code. 

• A COFF to IEEE-695 converter. 

LIBRARY SUPPORT 

There are three types of libraries supported by 
CTOOLS960: 

• High level libraries — contain over 200 
ANSI conforming and ANSI superset 
functions. 
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C PROGRAMMING TOOLS FOR THE i960® 
MICROPROCESSOR FAMILY 





• Floating-point support — ^the Accelerated 
Floating Point library provides highly 
optimized, basic floating-point operations for 
i960 architectures Without a floating-point 
unit(KA,SA,CA,CF). 

• Low-level libraries — ^provide low-level 
support for execution on Intel-supported i960 
processor execution vehicles. 

WORLDWIDE SERVICE AND 
SUPPORT 

To augment its development tools, Intel offers 
field application engineering expertise and 
hotline technical support. 



Intel also offers software support which 
includes technical software information, 
automatic distributions of software and 
documentation updates, iCOMMENTS 
publication, remote diagnostic software, and a 
development tools troubleshooting guide. 

Intel Development Tools also offers a 30-day, 
money-back guarantee to customers who are 
not satisfied after purchasing any Intel 
development tool. 



ORDERING INFORMATION 



CTOOLS960 includes C compiler, assembler (ASM960), linker, utilities, C and floating point 
libraries. Note ASM960 source code is also included. 



Code 



Description 



CTOOLS960D 
CTOOLS960H 
CTOOLS960R 
CTOOLS960W 



Intel386TM or Intel486TM CPU DOS-based i960 processor C programming tools. 
HP9000/300 or 700, HP-UX based i960 processor C programming tools. 
IBM RS6000/ AlX-based i960 processor C programming tools. 
Sun-4 based i960 processor programming tools. 



For more product information call 1-800-628-8686 (U.S. and Canada). 
For literature call 1-800-548-4725 (U.S. and Canada) 
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GNU/960 Software Toolset 



Intel's GNU/960 crpss-development toolset 
offers a complete C language development 
environment for the entire family of i960® RISC 
microprocessors. GNU/960 is available in binary 
form for ten UNIX* hosts and DOS/X. Source code 
is provided for all tools, allowing users to easily 
port the toolset to a wide variety of other host 
environments. The GNU/960 tools include gcc960, 
a profile-driven optimizing compiler designed to 
take full advantage of the i960 processor's advanced 
RISC features, as well as an assembler, a linker, 
a symbolic debugger and many other tools to 
improve developer productivity. 

The GNU/960 tools support both COFF 
(Common Object File Format) and b.out (GNU/960 
specific) object file formats. This allows users to 
mix and match tools with Intel's CTOOLS960, 
protecting their software and hardware investment. 
GNU/960 is based on the Free Software Foundation 
tools and has been optimized by Intel for the i960 
architecture. GNU/960 includes run-time libraries; 
software developed using the GNU960 tools is fully 
copyrightable. GNU/960 offers users ongoing 
maintenance, with frequent releases and two 
software support options. 

The GNU/960 Tools: gcc960 

GNU/960 features gcc960, an ANSI-Compliant 
C compiler. It emits standard Intel assembly 
language for assembly by either Intel's asm960 
or by the GNU/960 toolset s gas96p assembler. 
gcc960 contains many sophisticated optimizations, 
including a number of Intel additions to the standard 
GNU C compiler. 



Profile-Driven Optimization 

< The best optimization decisions require execution 
information about the whole program. To obtain 
program-wide information. gcc960 employs a 
profile-driven compilation model. Several of gcc960's 
optimization techniques are profile-driven: 

• global function inlining 

• allocating global vanables to on-chip SRAM 

• refining alias information for global variables 

Other gcc%0 optimizations include: 

• shadowing memory with registers 

• i960 processor instruction .scheduling 

• constant propagation 

• adjacent memory access coalescing 

• supports S, K and C-series processors 

gss960,gld960,gar960 

The GNU/960 assembler, linker, librarian and 
other tools form a complete software development 
toolset, allowing users to get the most out of the 
powerful gcc960 compiler. The GNU/960 tools 
are designed to be interoperable with Intel's 
CTOOLS960. This lets users choose the best 
combination of tools for their individual i960 
processor development environment. 

gdb960 

The GNU/960 debugger is a fully symbolic 
debugger, and operates with the MON960 monitor. 
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GNU/960 Software Toolset 



Debug Monitor 

MON960 monitor is the new debug monitor for 
the i960 processor family. It replaces the NINDY 
monitor. New features are: interrupt-driven capability, 
big Endian and flash support, and a well defined , 
host debugger interface. It is shipped complete with 
source for easy retai^geting, can be integrated !& part 
of a customer's application, and includes ROM-able 
hex files for all the standard Intel i960 proces.sor 
evaluation boards. 

Hosts Supported 

Sun 3 

Sun 4 

Sun386i 

i386/i486™ CPU-basjed UNIX System V R3.2 

i386/i486 CPU-based DOS/X 5.0 PC 

HP9000/300/700 

IBM RS/6000 

VAX/UUTRIX 

DECStation3IOO 

Apollo 400 



Software Support 

Intel ofl'ers two different annual maintenance 
contracts for GNUy960: 

Futt Supported Contract (GNU960 SSC): 

• Unlimited 1-800 technical hotline assistance 

• Guaranteed 48 hour bug fix or woii(around to 
all critical problems once they can be duplicated 
at Intel's development facilities 

• Free release upgrades 

• Inter-release fixes 

Software Assistance Contract (GNU960 SAC): 

• Unlimited 1-800 technical hotline assistance 

• Free release upgrades 




Ordering Information 



ORDER CODE 

GNU960T 

GNU960H 

GNU960M 

GNU960DT 

GNU960SSC 
GNU960SAC 



DESCRIPTION 

The complete GNU960 toolset* including source, on a QIC-24 format 
UNIX tar cartridge tape. 

The complete GNU/960 toolset, including source, on a HP9000 
1 6-track UNIX tar format cartridge tape. 

The complete GNU/960 toolset for DOS/X 5.0 hosts, on 3.5" 
and 5.25" floppies.** 

The complete GNU/960 toolset, including source, for DOS/X 5.0 
hosts, on a QIC-24 format Sytos Plus cartridge tape. 

Annual full software support contract for GNU/960. 

Annual software assistance contract for GNU/960. 



Contact your nearest Intel Sales Office for information about on-site application development or 
consulting services or call 1-800-628-8686 (U.S. and Canada) for more product information. 
For more literature call 1-800-5484725 (U.S. and Canada). 
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DB960 SOURCE-LEVEL RETARGETABLE 
DEBUGGER 




PRODUCT OVERVIEW 

DB960 is a source-level symbolic debugger supporting all members of the i960® 
microprocessor family. It allows the users to debug application code in their own targets. 
DB960D's new user interface is based on the Microsoft Windows 3.1 environment 
providing greater debug productivity. DB960 shares the same debugger interface as 
Release 4.0 of InteFs i960 KB/SB processor emulators so users can easily transition debug 
work between the different tools. It operates on a DOS-based Microsoft Windows* 3,1 
environment, communicating with the user's target system via a serial port. A 
retargetable monitor, MON960, is included with DB960D. The complete monitor source, 
example code and documentation are shipped so users can easily customize the monitor 
for the target system. There is no incorporation or royalty fee incurred if the monitor is 
shipped with the customers* products. 



FEATURES 

• Supports CTOOL960R4.0 and GNU960 
R2.2 conipiler development environment 

• Microsoft Windows 3.1 human interface 
with all the convenience of the windows 
environment, plus source display 
window, register window, watch window, 
memory window and local variable 
window to boost debugging productivity 



• Extensive breakpoint modes including 
source breakpoints, passpoints, 
temporary breakpoints and event-action 
breakpoints which trigger actions after 
the breakpoint is reached 

• Breakpoints can be defined interactively, 
in the source window or symbolically 
using module names, procedure names 
and line numbers 



*Window8 is a trademark of Microsoft Corporation. 
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DB960 Source-Level Retargetable Debugger 



• Single step program executions based on an 
assembler instruction, a C language 
statement or function 

• Memory and registers can be displayed and 
modified 

• Watch expressions can be defined and 
observed in the watch window as the 
program executes 

• Low level run-time library allows programs 
to access the host file system or to perform 
I/O operations 

• Symbols are demand loaded 

• DB960 R4.0 comes with a retargetable 
monitor (MON960) 

DEBUGGING FEATURES 

High-level source or disassembled code can be 
displayed in the source window. Users can 
scroll through the source, browse from module 
to module in a program, scope to any execut- 
able point in the source, or instantaneously 
relocate from a symbol name to the location 
where it was defined (hyperscope operation). 
Symbol names in the source can be highlighted 
to inspect the current run-time value of 
program variables. Call stacks can be 
examined to trace execution flow. 

A variety of breakpoints can be specified 
including source breakpoints, watch points, 
passpoints, or event-action breakpoints. 
Breakpoints can be defined symbolically using 
module names, procedure names and line 
numbers. Watch points allow users to observe 
a variable as it changes during program 
execution. Passpoints display a message when 
a specified instruction is executed, giving the 
user a non-realtime way to track execution of 
key code sequences without halting instruction 
flow. The event-action form allows complex 
breakpoint conditions to be set up, including 
data breakpoints (when supported by on-chip 
registers). 

Users can step through program execution via 
a single assembly language instruction, a high- 
level language statement or a high-level 
function, function return statement or branch 
taken. Memory can be displayed or modified as 
common data types and all processor registers 
and system tables can be examined or changed. 
Expressions involving symbol names, memory 
references, or both, can be defined as watch 
expressions whose values are monitored in a 
Watch window as a program executes. 



RETARGETABLE MONITOR 

A retargetable monitor, MON960, is shipped 
with DB960 for users to customize and 
incorporate into their target systems. 
Complete source code is provided with 
comprehensive retargeting instructions. 
Example code for porting to Intel evaluation 
boards, Intel 82510 UART serial controller 
chip and the 82C54 counter/timer are 
provided. MON960 has a well defined host 
debugger interface allowing users to develop a 
custom host debugger for their product. It 
supports big Endian, flash and interrupt- 
driven capabilities. MON960 also supports 
GDB960 R2.2 (debugger shipped with GNU960) 
and is available as a stand-alone product. 

HARDWARE DEBUG 

DB960 takes advantage of on-chip debug 
registers like those found on the i960 CA 
processor to provide hardware execution 
address and data address breakpoints. By 
using the available hardware breakpoint 
registers, the debugger can be used to find 
difficult bugs like stack overruns and invalid 
pointer accesses. Once the monitor has been 
retargeted to the target system, hardware 
designers can download initialization code, 
read/write to registers, and examine memory 
or register contents. 

HIGH-SPEED SERIAL LINK 

Communications between the debugger host 
and target system is supported via RS-232 and 
RS-422 communication links. RS-232 allows 
access to industry standard serial protocols 
while the RS-422 interface provides higher 
speed communication (up to 115K baud) for 
faster code and data download. PC- AT bus- 
compatible RS-422 communication boards are 
available from various third party vendors. 

WORLDWIDE SERVICE AND 
SUPPORT 

Intel offers software support which includes 
technical software information, a technical 
hotline, automatic distributions of software 
and documentation updates, iCOMMENTS 
publication, remote diagnostic software, and a 
development tools troubleshooting guide. Intel 
Development Tools also offers a 30-day, money- 
back guarantee to customers who are not 
satisfied after purchasing any Intel 
development tool. 
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ORDERING INFORMATION 



Order Code 


Description 


DB960D 


DOS-based, retargetable software debugger for the 
i960 KA, i960 KB, i960 SA, i960 SB, i960 CA and 
i960 CF microprocessors. Includes host debug 
software, MON960 retargetable monitor, host I/O 
libraries and documentation. 


MON960 


System debug monitor, source code product. 



For more product information call 1-800-628-8686 (U.S. and Canada). 
For more literature call 1-800-548-4725 (U.S. and Canada). 
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EP80960CX 

Evaluation 

Platform 
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Low-Cost Processor Evaluation Tool 

Intel's EP80%0Cx Evaluation Platform provides 
a low-cost hardware environment for code execution 
and software debug. The board features the i96(f CA 
processor and is easily upgradeable to the i960 CF 
processor the newest and highest performance member 
of Intel's family of 32*bit embedded microprocessors. 

Tlie EP80960CX includes a high-performance 
interleaved DRAM subsystem, operating at 2-0-0-0 
wait state burst reads and zero wait state (0-0-0-0) 
posted write. The 2 Mbyte subsystem, expandable up 
to 16 MBytes, employs standard 70 ns DRAM SIMMs 
and runs at frequencies up to 33 MHz. The EP80960Cx 
also features an I/O subsystem and an advanced set of 
peripheral devices for benchmarking and debugging 
application code written for the i960 CA/CF embedded 
processors. The EP80960Cx expansion bus (X-Bus) 
supports expansion cards and external devices; the 
X-Bus provides direct access to the i960 CA/CF 
processor's bus and cmtrol signals. 

Popular features such a single lin^ assembler/disas- 
sembler, single-step program execution, and software 
breakpoints are standard on the EPB0960Cx's on-board 
monitor. Available separately, Intel offers a complete 
code development environment with tools such as 
Intel's iC-960 or GNU/960 compiler. 

The EP80960CX Evaluation Platform package fea- 
tures MON960 Monitor in EPROM, a power supply, 
a 9-pin PC /AT senal (RS-232) connector, a 25-pin 
parallel cable for parallel download, the EP80960Cx 
User's Manual, and diskettes containing MON960 host 
software, design and library files and an example pro- 
gram. The EP80960CX User' Manual includes board 
schematics, a parts list, programmable logic (PLD) 
equatioiis, and step-by-step instructions on how to 
compile, assemble, link, download, and execute the 
example program. 



EP80960CX Features 

■ 33MHz Execution speed 

■ 32 Kbytes of EPROM for 80960CA MON960 
Tai:get Operating Firmware 

■ 2 Mbytes of Fast Page Mode DRAM*^ expandable 
to 16 Mbytes 

■ Concurrent Interrogation of Memory and Registers 

■ 384 Software Breakpoints 

■ Code Disassembly 

■ High Level Language Support 

■ One RS-232 poll for Host and User 
Communication up to 1 15.2 Kbaud 

■ One Centronics Parallel Port for Parallel 
Downloads 

■ An Expansion Bus (X-Bus) for Penpheral-to-CPU 
Interface 

■ Memoiy Wail State Control for Memory 
Subsystem Simulation 

* The DRAM subsystem provides zero wait-state 
posted writes (0-0-0-0) and (2-0-0-0) wait-state read. 

Fast Page-Mode DRAM SIMM Modules 

The EP80960CX Evaluation Platform's memory 
design takes advantage of the i960 CA/CF processor's 
burst mode bus for interfacing with fast page-mode 
DRAM. The high-perfonmance DRAM design utilizes 
three techniques: bank interleaving, write posting and 
RAS interleaving. 

Concurrent Interrogation of Memory 
and Registers 

The on-board MON960 Monitor allows die user to 
read and modify internal registers and external memory 
while running the user's program. 




September 1994 

Order Number: 272505-001 
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EP80960CX Evaluation Platform 



High Speed Downloads 

The parallel port on the EPg0960Cx is a full imple- 
mentation of a Centronics-compatible repeive only 
port. This port allows fast downloads of code or data to 
the EP80960Cx. Intel's software tools support parallel 
downloads. 

Prototype and Expansion Bus 

The X-Bus allows the user to quickly prototype 
simple applications. Two rows of header pins on the 
EP80960Cx provide buffered versions of address, data 
and conux)l signals as well as other signals which ease 
the task of interfacing simple peripherals and I/O 
devices. The header pins also double as logic analyzer 
access points. ^ 

Communication Linl( 

The EP80960CX board communicates with the host 
computer via the RS-232 link. This platform supports 
baud rates fix)iji 300 to 1 15200 baud. 



Power Requirements 

The EP80960CX Evaluation Platfonn requires 5 
volts at 2S00 mA, which the included power supply 
provides. The EP80960Cx also supports a power 
supply that provides +5VDC / +12VDC for FLASH 
programming. 

Host System Requirements 

The EP80960CX Evaluation Platfonn interfaces to 
either a UNIX- or DOS-based system. An Intel486- 
based PC is recommended. A DOS-based host system 
must meet the following niinimum requirements: 

■ PC-DOS 3.2 or Later 

■ 512 Kbytes of Memory 

■ One 1.4 Mbyte Roppy Disk Drive 

■ Serial Port (COM I or COM2) 

■ Parallel Port (LPT 1 ) (parallel port is optional) 

CF Upgrade 

Available for the EP80960CX is a kit designed to 
quickly and easily upgrade your platfonn to take 
advantage of the 80960CF microprocessor perfor- 
mance. This kit sulfites the 80960CF component and 
all documentatim needed to make the upgrade. 
Pnxluct order code EPCF upgrade. 
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i960 SA/SB EVALUATION BOARD 





i960 SA/SB EVALUATION BOARD 

The EV80960SX board is a general purpose evaluation tool for the i960 SA/SB embedded 
processors. This evaluation board provides a high-performance DRAM subsystem, an 
interleaved EPROM subsystem, and a robust set of peripheral devices for benchmarking 
and debugging application code written for the i960 SA/SB embedded processors. 

The EV80960SX is a great starter kit for your 32-bit application. The EV80960SX, 
NINDY debug environment, along with assembler and C-compiler (not provided) provide 
a seamless environment for developing code and evaluating the i960 SA/SB processors. 
The NINDY monitor provides code download capabilities from a number of popular 
development systems, including DOS-based PC's. Single step, breakpoints, register and 
memory display are among the full set of features provided by NINDY. 



The board is provided with the following 
features: 

• DRAM Subsystem operates at 
1-0-0-0-0-0-0-0 wait states for read and 
write cycles in the burst mode. The 
DRAM subsystem runs at the maximum 
processor frequency of 16 MHz, using 
100 ns fast page mode DRAMs. The 
DRAM subsystem can accommodate 
from 512 Kbytes to 4 Mbytes, using 4 or 8 
ZIP-packaged DRAMs. 

• Interleaved EPROM Subsystem executes 
burst program fetches with a 2-0-1-0-2-0- 
1-0 wait state performance. 



The EPROM subsystem accommodates 
four, 32-pin or 28-pin 8-bit wide EPROMs 
with up to 150 ns access times. 

• Flash EPROM Subsystem reads and 
writes two 8-bit wide Flash EPROMS. 

• 8259A Interrupt Controller provides 
expanded interrupt capabilities using 
the i960 SA/SB's interrupt controller 
interface. 

• Parallel Port Input allows fast 
downloads of code or data to the 
EV80960SX board. The parallel port 
provides auto-busy and interrupt 
capabilities, and is a full implementation 
of the Centronics standard. 



ACE51, ICE and MCS* are registered trademarks of Intel Corporation. 
Ethernet is a registered trademark of Xerox Corporation. 
*CHMOS is a patented Intel process. 



June 1991 

Order Number: 272033-001 
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i960 SA/SB EVALUATION BOARD 



• Two serial ports provide queued and 
interrupt driven serial transfer at up to 
128000 baud. : 

• 82C54 Timer/Counter provides a 32-bit 
counter and 16-bit counter, each with 
dedicated interrupts. 

• Expansion/Prototype Bus (XBUS) allows 
expansion cards and prototype hardware 
direct access to the i960 SA/SB's bus and 
control signals. Optionally, a configurable 
wait state scheme provides a no glue 
interface to most peripherals attached to the 
XBUS. 

• LEDs and Switches are user programmable. 
One 10-segment bar LED, a 7-segment LED 
and an 8-position switch are under program 
control. 

• Local Area Networking (LAN) is 
implemented using an 82596SX LAN 
coprocessor. 



• Laser Printer Control provides interfaces to 
TEC or Canon compgitible las^r eiigines. 

• Monitor and Self-tei^t diagnostics are 
provided for the E V80960SX in the EPROMs 
installed in the board. 

The evaluation board comes complete with a 
design database included on diskette, the 
NINDY debug monitor on diskette and in 
EPROM, power and serial cables, schematics 
and user's manual. 

The EV80960SX is a public domain design. The 
hardware is fully documented and provides 
working examples of popular memory and 
peripheral interfaces to the i960 SA/SB 
processor. The schematic and PLD database 
are provided with each board. The EV80960SX 
designs are easily duplicated and can be used 
directly as the building blocks for custom 
designs. Custom hardware can be prototyped 
using the expansion bus (XBUS) connector. 
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By tailoring these low 
cost modules to he 
interchangeable, 
designers are freed from 
the burdensome and 
time consuming task of 
supporting multiple 
boards during an 
architectural evaluation. 



i960® Microprocessor 
Evaluation Platform 

Cyclone EP 




Flexibility Plus 

Imcl's Cyclone Evaluation Platform is designed to pio- 
vide the developer with a flexible. \ow cost environment for 
cxxle execution and software debug. Configured as a stand- 
alone base board with interchangeable modules, the 
Cyclone EP i,s capable of supporting the entire i%0" 
prwessor family: from the low cost i960 SA prcKessor to 
the newest and highest performance member of the i96() 
family, the i96() HT processor. 

The standard interface incorporated on the Cyclone EP 
allows a designer to interchange application specific mcxl- 
ulcs ranging from Ethernet to SCSI-3. Published specifica- 
tions for the interface allow designers to build their own 
module or have Cyclone Microsystems custom develop it 
tor them. 

Processor Modules 

Designed for the Cyclone EP arc CPU modules featur- 
ing a specific i960 processor. By tailoring these four low 
cost m(xlules to be interchangeable, the designer is treed 
Irom the burdensome and time consuming task of support- 
ing multiple boards during an architectural evaluation. The 
CPU modules each contain a boot flash ROM with the 
MON960 monitor, appropriate glue logic and configuration 
switches. Using these switches the designer has the ability 
to further tune the design. 

DRAM Memory 

The Cyclone EP is shipped with 2 Mbytes of inter- 
leaved DRAM memory upgradable to 8 or 32 Mbytes The 
DRAM controller automatically adjusts the wait-states 
based on processor type, clock frequency, and memory 
speed. The controller supports burst transfers using the 
interleaved banks to maximize pcrfomiancc The default 
memory configuration comes standard with 70ns memory. 
For pnx^essor frequencies ol 25 and 40 MHz. performance 



iny 



can be significantly increased by using 6()ns memory The 
board requires no shunts or switches to adjust for memor)' 
changes. The Presence Detect Signals and the controller 
automatically adjusts to minimum wait-states for the 
processor frequency and memory speeds, in addition the 
initialization C(xic automatically si7£s the memory so user 
soltware can take advantage of larger memory modules. 

Software Development Support 

The Cyclone EP supports many software development 
tools. The installation instructions presented in the manual 
were verified using Intel's GNU/96{) and !C96(). These 
advanced C-language compilers for the 1960 processor fam- 
ily are available tor DOS-based systems and a variety of 
UNIX workstation hosts. Both products provide execution 
profiling and instruction scheduling optimizations for tuned 
ccxle generation. In addition to the Intel tools, the Cyclone 
EP has been validated for use with many ol the 
Solutions96()'' program development tools. 

Console Serial Port/Parallel Port 

The Cyclone EP has a single console port with an RS- 
232 line interface as well as a Centronix PC compatible 
input parallel port Cables are supplied for both communi- 
cation ports 

Cyclone Evaluation Platform Features 

• Interchangeable i96() prwessor modules 

• DIP switch selectable processor clock frequency 

• 2 Mbytes of DRAM, expandable to 32 Mbytes 

• DRAM controller automatically optimizes wait- states 
to pr(K'essor frequency and memory 

• Rash ROM sockets 

• Parallel download port 

• Three sixteen bit counter/timers 

• Squall II module I/O expansion interface 




October 1994 

Order Number: 272598-001 
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CVcHone tLvahiation H^latiorm Functional Block Diagram 



Squall II Module Interface 

The Cyclone EP has a single expansion localion 
(Squall II) and connector. While Cyclone 
Microsysiems has many oil ihc shell modules avail- 
able, users aie also encouiaged to build their own itkxI- 
ules or coniaci Cyclone regarding custom modules and 
boards. Boards currently available through both Intel 
and Cyclone Microsysiems arc: 



Ethernet 
SCSI-2 



SCSI-3 

High Speed Serial . 



A single expansion bus (Squall II module) allows 
expansion cards and external devices direct access 
to the i96() prcK'essor's bus and control signals. 

Product Ordering Information 

EP8096()BB Base Board without CPU Module 

HX MicropRKessor CPU Mcxiule 
CX Microprocessor CPU M(xlule 
SX MicroprcK'essorCPU Mcxiule 
KX Micioprocessoi CPU Module 
JX Microprocessor CPU Mixlule 



The Cyclone EP Functional Overview 

I/O subsystem provides data buffers and simplified- 
control; 

• The Centronics compatible parallel port allows fast 
download of ccxie or data to the Cyclone EP 

The asynchionous serial (RS-2'^2) port provides 
transfers up to 1 15.2 Kbaud. 

• A Z8536 timer/counter provides three 1 6-bit coun- 
ters, with interrupts. 



CPU8()96()HX' 
CPU8()96()CX 
CPU8()96()SX 
CPU8()96()KX 

cpummx 

Av.nLibtcQ2'y'i 

I/O MODULES 

SQETHERNET ETHERNET MODULE ^ 

SQHSS' HIGH SPEED SERIAL 

SQSCSI-2- SCSI-2 

SQSCSi-3' SCSI-3 (FAST AND WIDE) 

' Noi availahlc on Ihc CPl'WWWIKX OR CI'HWWWl.SX 
'\ol.iviiiliiblc()nihc('l'li8(WW),SX 
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UNITED SXOES 

Intel Corporation 

22(N) Mksion College Boulevard 

RO. Box 58119 

Santa Clara, CA 95052-8119 

JAPAN 

Intel Japan K.K. 

5-6 Ibkodai, Fsukuba-shi 

Ibaraki,3<)0-26 

FRANCE 

Intel Corpdration S.A.R.L 

1, Rue Edison, BP 303 

78054 Saint-Quentin-en-Yveline.s Cedex 

UNITED KINGDOM 

Intel Corporation (t.K.) Ltd. 

Pipers Way 

Swindon 

Wiltshire, England SN31RJ 

GERMANY 

Intel GmbH 

DomacherStraMiel 

8016 Feldkirchen bei Muenchen 

HONGKONG 
Intel Semkonductor Ltd. 
32/F Two Pacific Place 
88 Queensway 
Central 

CANADA 

Intel Semkrondudor of Canada, Ltd. 
190 Attwell Drive. Suite 500 
Rexdale, Ontario M9W6H8 

C.vcidiw !VticnH>ys(cms Inc. 
1^ Science Park 
New Haven. CT 
i>tuMM>:2(I.V786.5S36 
FAX:a».^.786.501< 
email: inr(i®c>'clone.com 
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NORTH AMERICAN SALES OFFICES 



Intel Corp. 
4024 Medford Drive 
Huntsville 35802 
Tel: (205)883-6137 
FAX: (205) 883-4826 

ARIZONA 

tintel Corp. 
410 North 44th Street 
Suite 470 
Phoenix 85008 
Tel (800)628-8686 
FAX: (602) 244-0446 

CALIFORNIA 

Intel Corp. 
3550 Watt Avenue 
Suite 140 
Sacramento 95821 
Tel: (800) 628-8686 
FAX- (916) 488-1473 

t Intel Corp. 

9655 Granite Ridge Dnve 
3rd Floor, Suite 4A 
San Diego 92123 
Tel- (800) 628-8686 
FAX (619)467-2460 

Intel Corp 
1 781 Fox Drive 
San Jose 95131 
Tel. (800) 628-8686 
FAX (408)441-9540 

*t Intel Corp, 

1 551 N Tustin Avenue 

Suite 800 

Santa Ana 92701 

Tel: (800) 628-8686 

TWX. 910-595-1114 

FAX- (714) 541-9157 

tintel Corp. 

1 5260 Ventura Boulevard 

Suite 360 

Sherman Oaks 91403 

Tel- (800) 628-8686 

FAX- (818) 995-6624 

Intel Corp 
120 Birmingham 
Suite 110-114 
Cardiff, CA 92007 
Tel: (619) 942-8938 
FAX. (619)942-2849 

Intel Corp 

300 N Continental Blvd 
Suite 100 
El Segundo 90245 
Tel (800)628-8666 
FAX (310)640-7133 

COLORADO 

•f Intel Corp 
600 S. Cherry St 
Suite 700 
Denver 80222 
Tel. (800) 628-8686 
TWX- 910-931-2289 
FAX. (303) 322-8670 

CONNECTICUT 

tintel Corp 

40 Old Ridgebury Road 

Suite 311 

Danbury 0681 1 

Tel. (800) 628-8686 

FAX: (203) 778-2168 

FLORIDA 

tintel Corp 

800 Fairway Drive 

Suite 160 

Deerfield Beach 33441 

Tel (800)628-8686 

FAX (305)421-244 



Intel Corp. 

2250 Lucien Way 

Suite 100, Room 8 

Maitland 32751 

Tel: (800) 628-8686 

FAX: (407) 660-1283GEORGIA 

tintel Corp. 
20 Technology Park 
Suite 150 
Norcross 30092 
Tel. (800) 628-8686 
FAX. (404) 448-0875 

IDAHO 

Intel Corp. 

9456 Fairview Ave , Suite C 

Boise 83704 

Tel: (800) 628-8686 ' 

FAX (208)377-1052 

ILLINOIS 

*tlntel Corp. 

Woodfield Corp Center III 
300 N. Martingale Road 
Suite 400 

Schaumburg 601 73 
Tell (800) 628-8686 
FAX- (708) 605-9762 

INDIANA 

tintel Corp. 
8041 Knue Road 
Indiandpolis 46250 
Tel- (800) 628-8686 
FAX: (317) 577-4939 

MARYLAND 

*t Intel Corp 

131 National Business Parkway 

Suite 200 

Annapolis Junction 20701 

Tel. (800) 628-8686 

FAX: (301) 206-3678 

MASSACHUSETTS 

•tintel Corp. 
Westford Corp. Center 
5 Carlisle Road 
2nd Floor 
Westford 01886 
Tel: (800) 628-8686 
TWX. 710-343-6333 
FAX- (508) 692-7867 

MICHIGAN 

tintel Corp 

7071 Orchard Lake Road 

Suite 100 

West Bloomfield 48322 , 

Tel. (800) 628-8686 

FAX (313)851-8770 

Intel Corp 

32255 N Western Hwy. 
Suite212,Tn Atria 
Farmington Hills 48334 
Tel (800)628-8686 
FAX. (313) 851-8770 

MINNESOTA 

tintel Corp 
3500 W. 80th St 
Suite 360 
Bloomington 55431 
Tel (800)628-8686 
TWX. 910-576-2867 
FAX: (612) 831-6497 

NEW JERSEY 

Intel Corp 

2001 Route 46, Suite 310 
Parsippany 07054-131 5 
Tel: (800) 628-8686 
FAX. (201) 402-4893 



"tintel Corp. 

Lincroft Center 

125 Half Mile Road 

Red Bank 07701 

Tel: (800) 628-8686 

FAX: (908) 747-0983NEW YORK 

'Intel Corp. 

850 Cross Keyjs Office Park 

Fairport 14450 

Tel: (800) 628-8686 

TWX. 510-253-7391 

FAX: (716) 223-2561 

*t Intel Corp 

2950 Express Dr. South 

Suite 130 

Islandta 11722 

Tel (800)628-8686 

TWX. 510-227-6236 

FAX: (516) 348-7939 

OHIO' 

•Intel Corp. 

56 Milford Dr , Suite 205 

Hudson 44236 

Tel: (800) 628-8686 

FAX- (216) 528-1026 

•tintel Corp 

3401 Park Center Drive 

Suite 220 

Dayton 45414 

Tel (800) 628-8686 

TWX 810-450-2528 

FAX- (513) 890-8658 

OKLAHOMA 

Intel Corp. 
6801 N Broadway 
Suite 115 

Oklahoma City 73162 
Tel. (800) 628-8686 
FAX (405)840-9819 

OREGON 

tintel Corp. 

15254 NW Greenbrier Pkwy 

Building B 

Beaverton 97006 

Tel: (800) 628-8686 

TWX 910-467-8741 

FAX (503)645-8181 

PENNSYLVANIA 

•tintel Corp 
925 Harvest Drive 
Suite 200 
Blue Bell 19422 
Tel. (800) 628-8686 
FAX (215)641-0785 

SOUTH CAROLINA 

Intel Corp. 

7403 Parklane Rd , Suite 4 

Columbia 29223 

Tel (800) 628-8686 

FAX (803)788-7999 

Intel Corp. 

100 Executive Center Dnve 

Suite 109, B1 83 

Greenville 29615 

Tel. (800) 628-8686 

FAX (803)297-3401 

TEXAS 

tintel Corp 

891 1 N Capital of Texas Hwy 

Suite 4230 

Austin 78759 

Tel (800) 628-8686 

FAX. (512) 338-9335 



•tintel Corp. 
5000 Quorum Drive 
Suite 750 
Dallas 75240 
Tel- (800) 628-8686 
FAX: (214) 233-1325 

•tintel Corp 
20515 SH 249 
Suite 401 
Houston 77070 
Tel. (800) 628-8686 
TWX. 910-881-2490 
FAX: (713) 376-2891 

UTAH 

tintel Corp 
428 East 6400 South 
Suite 135 
Murray 84107 
Tel: (800) 628-8686 
FAX- (801) 268-1457 

Intel Corp. 

2581 E Cobblestone Way 
Sandy, UT 84093 
Tel: (801) 942-8820 
FAX: (801) 942-8815 

WASHINGTON 

tintel Corp 

2800 156th Avenue SE 
Suite 105 
Bellevue 98007 
Tel (800)628-8686 
FAX- (206) 746-4495 

WISCONSIN 

Intel Corp. 
400 N. Executive Dr 
Suite 401 
BrookfieW 53005 
Tel: (800) 628-8686 
FAX- (414) 789-2746 



CANADA 

BRITISH COLUMBIA 

Intel Semfconductor of 
Canada, Ltd 
999 Canada Place 
Suite 404, #11 
Vancouver V6C 3E2 
Tel. (800) 628-8686 
FAX (604)844-2813 

ONTARIO 

tintel Semiconductor of 

Canada, Ltd 

2650 Queensview Drive 

Suite 250 

Ottawa K2B 8H6 

Tel- (800) 628-8686 

FAX (613)820-5936 

tintel Semiconductor of 
Canada, Ltd 
190 Attwell Drive 
Suite 500 
Rexdale M9W 6H8 
Tel (800)628-8686 
FAX- (416) 675-2438 

QUEBEC 

tintel Semiconductor of 
Canada, Ltd 

1 Rue Holiday, Tour West 
Suite 320 
R. Claire H9R 5N3 
Tel (800)628-8686 
. FAX 514-694-0064 



tSales and Service Office 
•Field Application Locatbn 



Intel 



NORTH AMERICAN SERVICE OFFICES 

PrimeService 

Intel Corporation's North American Preferred Service Provider 
Central Dispatch: 1-800-876-SERV (1-800-876-7378) 



Birmingham 
Huntsville 

ALASKA 

Anchorage 

ARIZONA 

Phoenix* 
Tucson 

ARKANSAS 

Little Rocl< 



Bakersfield 
Brea 
Carson* 
Fresno 
Livermore 
Mar Del Ray 
Ontario* . 
Orange 
Sacramento* 
San Diego* 
San Francisco* 
Santa Clara* 
Ventura 
Sunnyvale 
Walnut Creek* 
Woodland Hills* 



Colorado Spnngs 

Denver 

Englewood* 

CONNECTICUT 

Glastonbury* 
DELAWARE 

New Castle 

FLORIDA 

Ft Lauderdale 

Heathrow 

Jacksonville 

Melbourne 

Pensacola 

Tampa 

West Palm Beach 



Atlanta* 
Savannah 
West Robbins 

HAWAII 

Honolulu 

ILLINOIS 

Buffalo* 
Calumet City 
Chicago 
Lansing 
Oak Brook 

INDIANA 

C^rmel* 
Ft Wayne 



Overland Park* 
Wichita 



Lexington 
Louisville 
Madisonvilte 



Baton Rouge 
Metarie 

MAINE 

Brunswick 

MARYLAND 

Frederick 
Linthicum* 
Rockville* 

MASSACHUSETTS 

Boston* 
Natick* 
Norton* 
Spnngfield 



Ann Harbor 

Benton Harbor 

Flint 

Grand Rapids* 

Leslie 

Livonia* 

St Joseph 

Troy* 



Bloomington* 
Duluth 



Springfield 

St. Louis* NEVADA 

Minden 
Las Vegas 
Reno 

NEW HAMPSHIRE 

Manchester* 

NEW JERSEY 

Edison* 
Hamton Town* 
Parsippany* 

NEW MEXICO 

Albuquerque 

NEW YORK 

Albany* 

Amherst* 

Dewitt* 

Fairport* 

Farmingdale* 

New York City* 

NORTH CAROLINA 

Brevard 

Charlotte 

Greensboro 

Haveluch 

Raleigh 

Wilmington 



NORTH DAKOTA 

Bismark 



Cincinnati* 
Columbus 
Dayton 

Independence* 
Middle Heights* 
Toledo* . 

OREGON 

Beaverton* 

PENNSYLVANIA 

Bala Cynwyd* 
Camp Hill* 
East Erie 
Pittsburgh* 
Wayne* 

SOUTH CAROLINA 

Charleston 
Cherry Point 
Columbia 

Fountain Inn SOUTH 
DAKOTA 



Sioux Falls 



Bartlett 
Chattanooga 
Knoxville 
Nashville 



Austin 
. Bay City 
Beaumont 
Canyon 
College Station 
Houston* 
Irving* 
San Antonio 
Tyler 



UTAH 

Salt Lake City* 

VIRGINIA 

Charlottesville 
Glen Allen 
Maclean* 
Norfolk 
Virginia Beach 

WASHINGTON 

Bellevue* 

Olympia 

Ronton 

Richland 

Spokane 

Verdale 

WASHINGTON D.C.* 

St. John WEST VIRGINIA 

St Albans 



Brookfield* 
Green Bay 
Madison 
Wausau 

CANADA 

Calgary* 

Edmonton 

Halifax . 

London* 

Montreal* 

Ottawa 

Toronto* 

Vancouver, BC* 

Winnipeg 

Regina 



NORTH AMERICAN 
CUSTOMER TRAINING CENTERS 



ARIZONA 

Computervision Customer 

Education 

2401 W Behrend Dr , Suite 17 

Phoenix 85027 

Tel 1-800-234-8806 



ILLINOIS 

Computervision Customer 

Education 

1 Oakbrook Terrace 

Suite 600 

Oakbrook 60181 

Tel 1-800-234-8806 



MASSACHUSETTS 

Computervision Customer 

Education 

1 1 Oak Park Drive 

Bedford 01730 

Tel 1-800-234-8806 



SYSTEMS ENGINEERING OFFICES 



MINNESOTA 

3500 W 80th Street 
Suite 360 

Bloomington 55431 
Tel (612)835-6722 



2950 Expressway Dr , South 
Islandia 11722 
Tel (506)231-3300 



*Carry-in locations 



i960' Processors and Related Products 



The 19601.' embedded processor is the world's best selling 32-bit 
RISC processor and is used in a wide range of embedded 
applications including imaging, networking, communications and 
intelligent I/O. Whatever your application, there is an i960 processor 
to fit your cost and performance goals. This book contains detailed 
product specifications on the 14 different versions of the processor 
family that are now available. We\e also included information on 



other related Intel products that can be used to enhance your design 



or speed your developmer 



